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PREFACE 


It has been the intention of the author of this book to set forth 
in detail all the i)i'ineipal points upon which information is likely to 
be wanted by an inspector on concrete construction. Many of the 
instructions ^iven herein are applicable to building constructions and 
practically any type of reinforced concrete structures. The author 
is fully aware that many questions arise during a building operation 
that cannot be solved by reference to printed instructions, but he 
has endeavored to point out the essentials governing the construe^ 
tion of reinforced concrete structures. None of them may be new 
to some, some may be new to none, but it is hoped many will be of 
assistance to most. It is believed that everything said is based on sound 
practice and acknowledged authority, and that the young inspector 
will not be led astray, even if the old experienced inspector is taught 
little that he does not already know. 

While the book consists of a series of rules and directions to be 
followed in inspecting concrete construction, with brief explanations 
of the reasons for each rule and of their importance, it must he ells- 
ilnrlly understood that the directions or suggestions set forth are not 
intended to run counter tOy or he employed in opposition to, the direc¬ 
tions and instructions given in the specifications under ivhich the con- 
erctc work is being prosecuted. 

In tlie preparation of this book the endeavor has been to observe 
a logical order and a due proportion between di^erent parts. Great 
ciU'Q has been taken in classifying and arranging the matter. It will 
l)(‘ hel])ful to the reader to notice that the book is divided successively 
intf) chapters, articles, sections and paragraphs. The constant aim has 
bo(‘n to present the subject clearly and concisely. Every precaution 
has been taken to j)reduce the work in a form for convenient use and 
ready reference. The table of contents shows the general scope of the 
))ook; and a very full index makes everything in the book easy of 
access. The preparation of this book has involved an immense amount 
of labor and the author hopes that its value to those engaged in the 
inspection, supervision and construction of works involving the use of 
concrete may be in some slight degree commensurate to the labor 
involved. 

The general and specific instructions given in this book have been 
collected from a multitude of sources: from the engineering journals, 
from the transactions of the engineering societies and from the per¬ 
sonal records of the author. Part of these instructions is taken from 
eight 'articles on the ^Tnspection of Concrete Work,^' prepared by 
the author for Engineering and Contractingy during January, February, 
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March and April, 1912. It is but fair to say that the great bulk of 
the matter contained in the book, though portions of it have appeared 
previously in other forms in the author^s contributions to the tech¬ 
nical press, was collected and worked up originally by the author. 
Where this has not been the case the original data have been added to 
and re-analyzed by the author. 

Under the above circumstances it has been impracticable to give 
specific credit in the pages of the book to every source from which 
the author has drawn aid; instead, a list of the various text-books and 
technical dictionaries consulted is given at the end of the book. To 
the authors of these works the writer desires to give his thanks and 
acknowledge his indebtedness for information and suggestions. The 
author wishes here to especially acknowledge the help secured from 
the volumes of Engineering and Contracting^ Engineering News^ Engi¬ 
neering Record and from the Trans. Am. Soc. C. E. and the proceed¬ 
ings and papers of various other civil engineering societies and organi¬ 
zations of concrete workers. The work done by these journals and 
societies in gathering and publishing information on concrete con¬ 
struction is of great and enduring value and deserves full acknowJedg- 
nient. The author also wishes here to acknowledge the help secured 
from the following works on concrete inspection: 

Inspectors^ Handbook of Reinforced Concrete, by Ballinger and 
Perrot. Eng. News Pub. Co., N. Y. City, 1909. 

Inspection of the Materials and Workmanship Employed in Con¬ 
struction, by Austin T. Byrne. John Wiley & Sons, N. Y. City, 1911. 

Instructions to Inspectors on Reinforced Concrete Construction and 
Concrete Data, by Geo. P. Carver. Payson Pub. Co., Beverly, Mass., 
1007. 

Practical Hints for Concrete Constructors, by Wm. J. Douglas. 
Eng. News Pub. Co., N. Y. City, 1907. Also published in Eng. News, 
vol. 50, page 643, Dee. 20, 1906. 

Hints on the Design and Execution of Reinforced Concrete Works, 
by E. P. Goodrich. Eng. Bee., vol. 55, page 277, March 2, 1907. 

Concrete Inspection.—-A Manual of Information and Instructions 
for Inspectors of Concrete Work, by Charles S. Hill, C. E. The Myron 
C- Clark Pub. Co., Chicago, 1909. 

A Handbook for Superintendents of Construction. Architects, Build¬ 
ers and Building Inspectors, by H. G. Richey. John Wiley & Sons, 
New York City, 1910. 

Handbook of Instructions Regarding Materials and Workmanship 
for Superintendents and Inspectors of the Kahn System of Reinforced 
Concrete. Compiled by the Engineering Department of the Trussed 
Concrete Steel Co., Detroit, Mich., 1908. Also published in Eng. Rec., 
vol. 55, page 445, April 6, 1907. 

Where it is possible to say so much, it is not easy to tell when 
to stop or when one has stopped short of saying all he should, and the 
author will not be surprised to find that he has erred at times in both 
respects. If those of his readers who discover such errors will tell him 
of them, the author will see that they are corrected. In fact, the author 
will be pleased to hear from any reader regarding any error, typograph- 
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ical or otherwise, found in this work, or any idea or suggestion that may 
be useful in a future edition; address the author, care of the publish¬ 
ers. By 'working together in this manner it will be possible to produce 
a work which will be of increasing influence toward good inspection in 
concrete construction, and this is the sole purpose of the author’s work. 

Jerome Cochran^ C. E. 


Detroit, Michigan, January, 1913. 
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INTRODUCTION 


There is quite a contrast between the quality of the average con¬ 
crete, such as one sees mixed and placed by the average small con¬ 
tractor and many large contractors as well, and the concrete which 
is being made on some engineering works of large size, where such 
concrete as an engineer describes in his specifications is actually 
produced. 

In making concrete on these works, good cement, good sand and 
good stone are assembled and a measiired quantity of each is depos¬ 
ited in a large batch mixer and thoroughly mixed, with enough 
water to make a sloppy mass in which air bubbles will rise to the 
top on being puddled in the forms. ’ The work goes on so rapidly 
that the form is filled to a considerable depth before settling begins, 
the soft, concrete being jiut under a heavy hydrostatic pressure 
before this settling begins. This produces a far more dense con¬ 
crete than was ever possible under the old practice when a dry 
mix for concrete and thorough ramming were universally specified 
by engineers. 

Of course, it is well understood that a degree of perfection is pos¬ 
sible in the inspection of the concrete work on these large structures, 
which is out of the question on any ordinary concrete job; but cer- 
iainly the way average inspection is conducted leaves large possibilities 
for improvement. 

For obvious reasons the inspection of concrete construetioh is 
generally the weak point in municipal and state engineering undertak¬ 
ings. It is often due to the emplovment of inferior inspectors, and 
frequently to the impossibility of even good inspection controlling 
certain contractors. The work is rarely bad, but it will not be as 
strong nor as lasting as a first-class job, and if such conditions are 
foreseen, and cannot be avoided, it is, perhaps, best to design the 
work stronger than would otherwise be required, as this seems to be 
the only practical method of meeting a recognized evil. 

THE INSPECTION OF OONCKETE CONSTRUCTION 

Concrete work of all kinds requires the most rigid inspection, as 
almost everything depends upon the quality of the materials and 
proper mixing and placing. The best design will come to nought 
unless it be carried out with the aid of careful and skillful workman¬ 
ship and the use of good materials. Good construction can be assured 
only when the work i^ under the control of competent and conscien¬ 
tious inspectors. Reinforced concrete requires close, continuous, 
intelligent inspection. 
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Necessity of Inspection. —^Yllile the necessity of inspection (l(‘p(*n(ls 
to a certain extent upon the nature of the material and tin* produc¬ 
tion, it is always a question of just when and where, and to what 
extent it pays to inspect; but more careful insj)ection is certainly 
needed. 

Take the averai>'e concrete placed in street or foundation work, 
for example, and, whatever the engineer’s specitications may call 
for, this is what one commonly finds: For materials, wliatcver sand 
and stone or gravel the locality will furnish cheapt'st, with ashes ■ 
called, by courtesy, cinders—introduced ns a variant. Tin* ingrcdhmts 
are measured by counting the numlnu* of shovcdfuls thrown into a 
heap; or, if Mike loses count, by stopping wlum the hatch looks ahtad. 
right. Mixing is done by shoveling the pile over and oven*. The uuk 
is shy of water, and has to be in ordm* to perrtiit shovtd mixing; and 
even at that, more or less cement Hows olT on the stnad; surface c»r 
seeps through the cracks in the mixing platform. To save it. more 
or less street dirt is scraped up and goes along into the mix. 

By skillful use of riiortar and trowel, conende made in this way is 
given a fine surface and made to look like an exetdlent job, but the 
body of the concrete is of very variable composition and strength 
and the weak places yield under the influence of percolating wati*r, 
ice formation, stresses and gcmeral wear and tear. 

There is no building operation tliat can more* easily ^‘skimped ’ 
without detection than the making (jf concrete, and the only way by 
which tlio engineer can be sure that his spi‘ei!icati<ms have' been 
strictly followed is by keeping a reliable representative constantly 
on the job. 

The method of making atid tising conende is veny siniple, Init, 
owing to the fact that it is impossible to tell from an <‘xaminalioii 
of the product the amount of cement that has Insm used, and the 
great temptation to the eontraetor is to use as little cement as possible, 
usually not more than one-half or two-tbirds of the amount of cenieiit 
specified is used (unless an inspector is kept on the job), and the 
mixing of tlie materials is also frc^piently vc*ry impmdVctly dtuie. 

Unless thorough confidence' can he jdacetl in tlie bemesty of tlm 
contractor to use the proportion of cement Hp(*cified, it will lie neces¬ 
sary to keep an inspector constantly on tlie ground to see tliat the 
full proportion of cement is used. 

The inspection of a foundation wall cannot lie too tliorouglK iw 
there is nothing that causes an architect so much troulile as to have 
settlements in the foundations of his buildings. 

Good inspection is necessary to insure proper coiiHtriiction and 
bracing where form woik and plaeing of concrete are going on 
simultaneously. 

It is very difficult to make the average' small contractor <ir con¬ 
crete workman take the pains to niak(‘ bigb-class concrete; for lie 
has found by experience that making if with any old materials any 
old way produces results which, so far as lu* can see, are goml enough, 
while the refinements the inspesdor dc'sires to obtain are looked npon 
as nseless, theoretical, hair-splitting. 
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Object or Purpose of Inspection. —Inspection should be planned 
to accomplish at least expense the best results, which, according to 
Mr. E. A. James, in an article printed in the ^^Proceedings’’ of the 
Canadian Cement and Concrete Association, may be enumerated 
something as follows:"^ 

1. To prevent loss or defects by accidents or delays. 

2 . To prevent loss of time and material on work already beyond 
repair. 

3. To prevent the necessity of replacing defective work. 

4. To prevent decrease in quality because of the demand for 
increase in quantity. 

5. To point out imperfections in alignment methods and material. 

6 . To record proper allowances for unavoidable extras. 

7. To draw the attention of the superintendent to workmen who 
must be better instructed or trained. 

8 . To stimulate good will tlirough fairness in fixing respon¬ 
sibilities. 

Inspection organized to cover any one or all of these purposes will 
be similar in personality, varying only with the degree of perfection 
required. Before it can be determined just when and where it pays 
to inspect, the following conditions must be satisfied: 

1 . Responsibility must be fixed with certainty. 

2. The inspection must not cause unnecessary friction. 

3. The inspector must have to do with quality only, not design. 

4. The responsibility for defective work must be placed upon 
tlic workman as well as upon the inspector. 

Tlie object of an inspector is to determine whether the con¬ 
tractor is living up to his specifications. The specifications should 
always be as complete as possible, and no contract should be let 
without them. There is nothing so unsatisfactory for both contractor 
and inspector as to try to accomplish an uncertainty in a satisfactory 
maimer, and if they succeed in getting along well the conditions must 
be favorable. 

Defective concrete work may be due to wrong specifications, poor 
material, defective measurement, defective mixing, or even unsuitable 
weather conditions. Therefore, instructions and specifications should 
be in writing. In other words, no contract should be signed without 
specifications, if anything is to be required and demanded, and 
neither party in signing should lose sight of what they are agreeing 
to do. Many contracts are signed with merely a glance at the specifi¬ 
cations, and when tlie contractor, in the hurry of his work, is re¬ 
minded by the inspector that some certain clause is not being com¬ 
plied with (of the existence of which, perhaps, he has never heard), 
it is sure to make trouble, especially if it is expensive to remedy. This 
at once makes unpleasant relations between the two, and only one 
party is to blame. 

Troublesome Inspectors. —^It is very unfortunate, both for owners 
and contractors, that there are inexperienced inspectors for rein¬ 
forced concrete work. It too often happens that men of no theoretical 

Engineering Record, Vol. 64, p. 450, Oct. 14, 1911. 
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or practical training in any branch of engineering, are deemed com¬ 
petent to decide npon the merits of work when they do not know 
the principles of its construction, and it is this class of inspectors, 
under certain circumstances, who are very annoying to the contractor 
and cause him most trouble. 

A man’s disposition detei'mines, in a large measui-e, his success 
as an inspector. A naturally suspicious man makes his own life a 
burden, besides being a source of needless worry to all around him; 
while one free from suspicion and with even an ordinary amount of 
common sense and intelligence can get good work and make no trouble 
even if his technical knowledge is small. 

If an inspector is determined to make things unpleasant he can 
always succeed in so doing, as his power for the time being is neces¬ 
sarily great; but unless his reasons are good he commands little con¬ 
sideration from the contractor, and soon becomes unpopular. 

The author, although unwillingly, is in favor of a black list of 
troublesome inspectors to be circulated among concrete constructors, 
but feels that if the matter were to receive proper attention the most 
serious points that lie as stumbling blocks between inspector and 
contractor could be easily removed by a system of arbitration; that 
is, would place the blame where it was clue, and thus avoid troubles, 
that, if not thickening, are growing none the less. 

Rejection of Work.—A very unfortunate case is that of rejection 
of work by an inspector which the contractor feels is unjust, be¬ 
cause the only appeal is to the inspector’s superior, and in nearly 
every case he is sure to be sustained in his decision. If the inspector 
determines not to yield, the contractor in most cases must give up the 
fight. This is one of the most exasperating positions for him to be 
placed in, as he virtually has no redress. There should always be a 
clause inserted in specifications providing for arbitration, which would 
take care of a ease like this. Otherwise, the only thing a contractor 
can do is to be very careful in signing a contract to ascertain who the 
inspector of the work is to be, and if the same is well known for 
giving trouble, throw up the contract unless another is substituted. 

Scope of Inspection.—^Inspection during construction should be 
made by competent inspectors employed by, and under the supervision 
of, the engineer, and should cover the following: 

(a) The cement, the sand, the broken stone or gravel, the water. 

(b) The, correct construction and erection of the forms and sup¬ 
ports. 

(c) The sizes, shapes, and arrangement of the reinforcement. 

(d) The proportioning, mixing, and placing of the concrete. 

(e) The strength of the concrete by tests upon standard test 
^pieces made on the work. 

(f) The protection of the work against shocks, loads, the weather, 

etc. 

(g) Whether the concrete is sufficiently hardened before the 
forms and supports are removed. 

(h) Prevention of injury to any part of the structure by and 
after the removal of the forms. and supports. 
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(i) Comparison of dimensions of all parts of the hnislied struc¬ 
ture with the plans. 

The inspection includes, in addition to the details already men¬ 
tioned, the following: 

(1) Great care in thoi’onghly joining new to previously laid 
and partially set concrete. 

(2) The thorough cleaning out of forms before the pouring in of 
the concrete. 

(3) The thorough and complete filling of all parts of the forms. 

(4) The placing of all reinforcements in the exact position they 
should occupy. 

Plans of Inspection. —There are many plans of inspection, any of 
which may get good results, and all of which may fail in securing 
good results. Inspection depends more on the inspector than upon 
the method. It may be made by central bureaus which retain men 
who are experts in their line of work who report to their bureaus, or 
to the engineer in charge of the work as may be arranged. Or it 
may be made by the engineer's own local staJff or foreman, or by re¬ 
quiring such guarantees that inspection at the end of one or two-year 
periods will be all that is necessary. The plan of inspection to be 
adopted will necessarily depend on the character of the work being 
done. 

Night Work. —If the work is to be done at night under artificial 
light it will be necessary to increase the staff of inspectors, for con¬ 
crete that can be detected in the day time, by color, will not show lack 
of proper mixing of materials under artificial light. In fact, where 
high-class work is required, or in finishing surfaces, as a rule it is 
better not done at night at all. 

During the progress of night work, it is necessary to be extremely 
careful that the work is carried on in exact accordance with the 
specifications. No night work should be permitted unless suitable 
arrangements are made for the lighting of the work. Night work 
should be carried on with as small a gang as will insure the placing 
of fresh concrete before that beneath it has set. 

Cost of Inspection. —The cost of inspection is variable, being in 
some cases as low as one per cent of the total cost and as high as two 
and one-half per cent. As a usual thing two per cent should be 
allowed for inspection, and good inspection is cheap at that price. It 
is thought that 2% per cent of the total cost of the work is a proper 
charge for inspection on first-class concrete work. 

DITTIES or THE INSPECTOR 

Inspectors are placed on the work to keep the engineer informed 
as to the progress of the work and the manner in which it is being 
done. The duties and functions of an inspector are purely super- 
visoiy, and his d(‘cisi()ns should be binding only in the absence of the 
engineer, and should be subject to his review. The inspector on the 
work is subject to removal at any time by the engineer. 

Inspection work can be separated into two classes, but the duties 
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of each class are the same, the difference lying mainly in the fact that 
in the one case the inspector reports to the concern for whom the 
work is done and in the other he reports to the concern doing the work. 
In many eases the duties of the inspector are performed by those who 
have other duties assigned to them. This is, necessarily, the case 
upon small jobs, while on the large and important works there may 
be a number of inspectors among whom the different classes of work 
are divided. 

It is necessary that the superintendent of construction, each in¬ 
spector and the foreman of the various lines of building work should 
understand the position and authority of the inspector. The resident 
engineer and the superintendent must be familiar with the duties of 
the inspector. 

Where possible, it is desirable that the duties of the inspector 
should be definitely outlined; it is, however, impossible to lay down a 
series of rules and regulations which will cover all possible contin¬ 
gencies, and common sense must be used in dealing with emergencies, 
in interpreting the rules and regulations governing the inspection 
of the work and materials and in interpreting the various clauses in 
the contract and specifications under which the work is being con¬ 
ducted. 

The inspector represents the resident engineer or the superintendent 
of construction and is responsible for the correct detail performance 
of the work and of the duties assigned to him. 

General Duties of the Inspector.— The details of the inspector’s 
duty will vary with the character of the work. His general duties 
are summed up below. All these duties are dictated by common 
sense, but nevertheless daily violated, and it is therefore well to put 
them in the introduction. 

1. The inspector should understand the plans and specifications 
under his charge. 

2. He should carefully examine the samples of materials sub¬ 
mitted by the contractor with his bid or during the progress of the 
work, as he will be justified in condemning material inferior to these 
samples. 

3. He should see that all material used and work done is in 
conformity with the plans and specifications. 

4. He should be familiar with the methods employed by the 
various craftsmen in executing their work. 

5. He must be familiar with the characteristics of the materials 
with which he has to deal. 

6 . He should be a good judge of workmanship and know whether 
the finished work is what is required or expected. 

7. He should take no person’s word for anything but see for 
himself, and then be sure that he is not being deceived. 

8 . He should not issue instructions contrary to the plans and 
specifications. 

9. He should not accept or approve any portion of the work, 
unless authorized to do so. 

10 . hTo information should be given regarding probable quantities 
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of work done or to be clone, inquiries for such information being 
referred to the engineer or his superior. 

11 . He should point out the defects in construction and be able 
to locate the cause of the defect, and to suggest a remedy. 

12 . He should be able to detect defective work as soon as pos¬ 
sible, so that the conditions under which the vrork was done may be 
fresh in the workman’s mind, and the responsibility with certainty 
attached to him. 

13. He should be sure that he is right before condemning a 
piece of work, and then take a firm stand. 

14. He should be punctual and constantly on the work. 

15. He should keep correct, careful and complete daily records of 
forces employed, material delivered, rate of progress, etc. 

16. He should keep a small diaiy in which to jot down the prin¬ 
cipal events of the day. 

17. He should keep records of work condemned, material rejected 
and reasons tlierefor. 

18. He should see that no rejected material goes into the work. 

19. He should be active and alert in seeing that the work pro¬ 
gresses properly. 

20 . He should see that proper tests of the materials are made 
as the work goes on. 

21 . He should order the removal of incompetent workmen. 

22. He should follow the instructions and wishes of his superior. 

23. He should notify his superior of infractions of rules, poor 
work, errors or other difficulties. 

24. He should protect the interest of his employer. 

25. He should facilitate the contractor’s work. 

26. He should measure up the work done, if so requested. 

27. He should order work stopped until the engineer can be com¬ 
municated with, if, in his opinion, such action becomes necessary. 

28. He should preserve marks set by the engineer until no longer 
needed. 

29. He should assist the engineer or foreman in giving line and 
grade. 

30. He should be tactful, determined and just. 

31. He should secure as good and as rapid work as he can. 

32. He should at all times be fair and reasonable with the con¬ 
tractor and must not be too exacting in particulars which do not 
materially affect the quality of the finished structure. 

33. He should avoid arguments and disputes. 

34. All disputes regarding the manner of doing the work and 
interpretations of the plans and specifications should be referred to 
the engineer in charge. 

35. He should perform such other duties as the engineer may 
indicate or direct. 

36. If the inspector is employed by the contractor, he should also 
be entrusted with the keeping of costs; a matter which will not be 
discussed in this book. 

37. Last but not least, the inspector should not accept or receive 
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payment of compensation, whatever may be its character or form, 
from the contractor or other than those who have employed him. 

Familiarity with Plans and Specifications. —The duty of the in¬ 
spector is to see that the work on which he is placed is constructed 
in accordance with the plans and specifications therefor and such 
written or verbal instructions as he may from time to time receive 
from the engineer—or the architect. 

To perform his duty efficiently he must make himself thoroughly 
acquainted with the requirements of the plans and specifications, a 
copy of which should always be in his possession, in order that he 
may intelligently perform the duties intrusted to him. 

Drawings for reinforced concrete buildings generally show dimen¬ 
sions, sizes, and amount of reinforcement, as well as the details of 
construction; but sometimes they are only the architect’s plans, 
which are frequently limited in the information that they give. In 
such cases, subsequent framing plans, furnished by the reinforced 
concrete concern or consulting engineers, will have to be studied in 
order to learn the details regarding the distances from c. to c, of 
columns, beams, and girders as well as the amount of reinforcement 
required by each beam and girder and the slab construction. As a 
rule, the drawings are subservient to the specifications, and if the 
plans and specifications do not agree, the usual practice is to follow 
the specifications. It is best, however, if contradictions occur, to have 
an understanding at once with the architect or engineer controlling 
the work. 

The inspector cannot become familiar with a complete set of 
plans, drawings, and specifications at once; it is only after going 
over them many times that he can fix the entire work thoroughly in 
his mind. An excellent plan, especially if the job is a large one, is 
to photograph the tracings and then mount the photographs on card¬ 
board so that they can be carried in the pocket and studied at 
leisure. 

Inspection of Materials. —The inspector is required to pass upon 
the quality of the materials delivered, and determine whether they 
meet the requirements of the specifications or not, rejecting all that 
are defective. 

Inspection of Methods Used by the Contractor. —The right of the 
inspector to require special methods of manufacture or construction 
to be followed is not always clearly defined. Where possible an 
inspector should permit a contractor to employ those methods which 
previous use has demonstrated to be the proper practice, or to employ 
his own methods, so long as such methods cause no injury to the 
material or to the work and produce the required results. In fact, 
it is usually better, especially where a guarantee accompanies a piece 
of work, to allow the contractor to use the method he deems fit to 
accomplish the end sought than to insist on a method which, being 
no better, places the responsibility of the successful issue of the work 
upon the inspector, and hence upon bis employer. Dut when a con¬ 
tractor deliberately attempts to use a method which is contrary to 
common practice in order to cheapen the work, or through ignorance, 
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it is the inspector’s duty to order work stopped until the engineer 
can be communicated with, and the matter thus passed upon by his 
superior. 

Essential Qualifications.—A satisfactory inspection cannot be made 
by an unskilled man, the duties of the position demanding one who 
has more than a superficial knowledge of the line of work and pref¬ 
erably a certain amount of engineering knowledge. The best in¬ 
spectors are those who have some knowledge of engineering, enough 
at least to enable them to read and interpret a set of plans and 
specifications. However, many inspectors fulfilling this requirement 
are young and inexperienced to cope with the responsibilities of 
the position, and fall an easy victim to the flattery of an unscrupulous 
contractor. 

While the inspector need not necessarily have a technical train¬ 
ing, he should by all means have received sound elementary training, 
and should be endowed with some executive ability, and, especially, 
with practical common sense. In fact, the most essential qualifica¬ 
tion for tlie position is good, sound common sense coupled with an 
ability to keep the temper under strict control. Circumstances con¬ 
tinually arise in this line of work which are aggravating and apt to 
lead to hasty speech. It is desirable that the inspector be able to 
keep his self-control in such emergencies. 

One of the best qualifications for a successful inspector, after 
a thorough knowledge of the subject, is constant vigilance. To provide 
against slighting by careless and indifferent workmen, constant vigi¬ 
lance is -absolutely necessary, especially in such parts of the work 
which are difficult of access or will be covered up. The general repu¬ 
tation of the contractor for doing honest work should not operate, to 
lessen the vigilance of the inspector. 

Preliminary Training.—The inspector should not be placed in 
charge of construction work until he has been thoroughly schooled 
in the duties of his position. He should be given the plans and specifi¬ 
cations covering his work and should be required to study them care¬ 
fully until he is thoroughly familiar with every detail as mentioned 
above. After he has acquired a thorough knowledge of the work to be 
done, he should be instructed as to quantities and qualities of materials 
to be used in the work. He should know when it is permissible to 
deviate from the strictly literal interpretation of the plans and 
specifications. 

One week of good training in the engineer’s or architect’s office 
before inspectors are sent out on the work in the spring will save 
much time and trouble during a season’s work. This preliminary 
training for an inspector not only fortifies him for his work, but also 
enables the engineer or architect to get a good line on the inspector as 
to his ability and general fitness for the position. In fact, the young 
and inexperienced inspector needs the advice and instructions of the 
engineer or architect. Training of the kind and in the manner sug¬ 
gested has produced good results in many cases. Public works officials 
will do well to keep a school of this kind, particularly wdiere inspectors 
are chosen for the official and not, by him. 
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Authority of Inspector. —The inspector is expressly forbidden to 
give any directions, either verbal or written, to the contractor except 
over the signature of the engineer in charge of the work. He will 
immediately report anything which may, in his judgment, be desirable 
to bring to the attention of the engineer. It is, however, desirable to 
avoid all friction and conflict of authority on the work, and in the in- 
terjiretation of the instructions the inspector must use common sense. 

The autlioiity of an inspector should never be called in (luestion. 
He should by all means be made fully to understand before he assumes 
the duties of his otlice just what authority he has, and just as fully 
made to understand that he must not abuse that authority. If he is 
in doubt as to any question arising over the work on which lu‘ is in 
charge, he should consult the engineer or architect and be positive 
as to his answer before he renders a decision. A decision should 
invariably be rendered through the inspector in charge, and when once 
given should be final. It is bad policy for the engineer, architect or 
chief inspector to issue orders or question any part of the work except 
through the inspector in charge unless called upon to do so by the 
inspector. It is always better to have the contractor or foreman in 
charge of the work understand that the inspector is in authority. 

There should be at all times perfect confidence between tlie in« 
spector in charge of the work and the engineer or architect. If this 
confidence is maintained there will seldom arise an occasion for the 
inspector's authority to be questioned. 

If the inspector's work is not to be final (a condition of things 
which should never happen), he should know what he has a right to 
accept and what to reject. 

Deviations Allowed by Inspector. —The inspector is not usually 
authorized to waive or alter in any respects any of the terms or 
requirements of the contract, to make additional requirements, to 
grant extensions or delays, or to waive forfeitures. In other words, 
the inspector has no authority to permit deviations from, or to relax 
any of the provisions of, the specifications without the written i)ernns- 
sion or instruction of the engineer or architect. 

Few plans and specifications are drawn that will cover all con- 
ditions encountered during the progress of the construction of any 
improvement of consequence. Hence it is of great importance that 
the inspector in charge of any improvement should know when, how, 
and why deviations from the plans and specifications may he madc^ 

Marking Rejected Material.—Tn marking rejected material the 
inspector must be careful to so place the marks that they cannot be 
readily erased or removed. As a distinguishing mark, the letter 
or may be used, meaning Rejected or Condemned. 

Removal of Rejected Material.— It will not be sufficient only to 
mark the rejected material and rely upon its being removed by the 
contractor. The inspector must see that it is removed from the work 
and not again offered for use on any part of the work; otherwise, the 
chances are that part, if not all, of it will find its way into the work. 

Delay in Inspection.— The inspector must not delay the contractor 
by failure to inspect materials or workmanship but should work with 
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reasonable promptness. In ease of a piece of questionable work, 
reject it for the moment if other work is awaiting inspection, and 
decide finally at a more opportune time. The author has seen an 
inspector halt and deliberate for a whole day over one piece of work, 
while other urgent work was awaiting his inspection. 

The inspector is expected to be on the work at all times while 
work is in progress, during the erection of forms, the placing • of 
reinforcements, the mixing and placing of the concrete and the re¬ 
moval of the foi’ms and the finishing of the work. His hours are the 
same as those of the contractor who is doing the work. Steadiness 
and close attention on the part of the inspector commands the respect 
of the contractor, and reflects credit on his employer. 

Removal of Incompetent Workmen. —The inspector should keep 
close watch of each workman's manner of doing his work, and those 
who persist in doing defective work should be ordered removed. 

Records. —The inspector will be required to keep a daily record of 
the progress of the work. He should provide himself with a sub¬ 
stantial book, suitably ruled (or a book will be furnished the 
inspector), in which he should keep a record of the progress of the 
work. A very satisfactory way to keep such a record is to have 
a diary and jot down the principal events of the day; also the record 
of the work done on each day as given in his daily reports. 

A record of the day’s run may be simplified by dividing the plan 
of the building into panels corresponding to the bays of the building 
and numbering them consecutively. This key can be used when 
referring to a section of work, and is indispensable when the time 
comes for striking the forms, since then the panels that have 
obtained the required age can readily be picked out and the work of 
removiug the forms of these only proceed, while the forms under the 
part not ready to pull can remain. 

The following notes, together with such, other special information 
as the engineer may direct, should be kept by the inspector: Date— 
Time of day or hour of each entry—Day or night work—Condition 
of the weather—Temperature—Location of the work with reference 
to the plan—^Number and location of lights (if night work) and if 
pi'operly lighted—^Number of each class of men employed—^Foreman 
—Type of mixing machines—Proportions of mixture—Size and num¬ 
ber of batches mixed—Time required for mixing—^Number of revo¬ 
lutions per batch—Arrival of material, its amount, character, and 
condition—^Rejected material, its amount, kind, and character of the 
acfeets—Condition of the forms—Condition of steel reinforcement- 
Date of placing concrete—Number, time and location of test cubes 
taken—^Date of removal of forms—Appearance of finished work 
Means for the protection of the finished work—The progress made— 
Orders received and given—Accidents—such other information as will 
assist in making a concise and accurate record of the progress and 
cost of the whole work or any part of the work. 

It is very important that records be kept of the actual cost of all 
work, where possible, in order to determine upon the proper price for 
the extra work. The various inspectors and foremen under the 
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direction of the ens^ineer in charge of the work should agree each day 
as to the actual cost of the extra work. Resident engineers should go 
over the extra work at least twice a month with the contractor's 
superintenclentj so that the detailed cost may be properly adjudicated 
while the several items are fresh in the minds of the entire force. 

Reports.—^At the periods directed by tlie engineer (usually weekly 
periods), the inspector will send in his report of that period’s work. 
Tliis report is made up from the record of daily events, and should 
give such full details, figures, and descriptions as will enable the 
engineer to judge of the progress of the work. Sometimes the 
inspector is required to fill in a daily report sheet, printed forms being 
furnished for this purpose, and these reports turned in at the close 
of the day. Clerical work is a serious problem to most first-class 
inspectors, and therefore their reports should be simplified for them 
as much as possible by the use of printed forms. 

The inspector should be made to understand fully the importance 
o£ these reports. Unless they are carefidly and accurately kept their 
value is entirely lost. If the inspector is careful to report daily the 
quantities of material used and the amount of work completed, to¬ 
gether with the labor required, the engineer, architect or chief in¬ 
spector can very readily asceidain the progress of the work and render 
safe judgment as to its merits. 

Facilitating the Contractor’s Work.—It is not only the duty of 
the inspector to see that the contractor performs his work properly, 
but he should facilitate the contractor’s work and render him every 
assistance in his power by so arranging his work as to inconvenience 
the contractor as little as possible. The inspector must be on hand 
at all times so that workmen can consult him about any questionable 
points as they arise, and in this way avoid a great deal of friction 
which might occur if they proceeded in the way that semed'best to 
them. 

To insure prompt execution of the work the inspector should pass 
upon it promptly and decidedly, and should know just what to give 
and take in ease of a question on a minor point. An inspector who 
adopts a standard within the reach of mortal man, and sticks to it, 
has less trouble with the contractor than one who is changing con¬ 
stantly. The two arrive at a distinct understanding and each knows 
when he has passed the line. 

The best results in any piece of construction work can be secured 
only when the engineers or architects and inspectors in chai'ge en¬ 
deavor to work in complete harmony with the contractor, and for 
their mutual good. The contractor who is treated kindly and 
humanely, who is given to undei'stand that certain things must be 
carried out as specified while he is left to work out the details to his 
best advantage; such a contractor, if he be further assisted in every 
possible legitimate manner, soon realizes that the engineer, architect 
or inspector in charge means business, and he is then ever ready to 
listen to suggestions made by the latter. 

The inspector, however, should in no case act as a foreman for the 
contractor. That is to say, he must not under any circumstances make 
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any sigreement with the contractor for the furnishing of material, 
teams, or labor. He must not interfere with the management of 
tile contractor’s work. 

Interpretation of Plans and Specifications.—The plans and speci¬ 
fications for each particular work must be the inspector’s guide as to 
the character of the materials and workmanship required, and in 
ease of any discrepancy between them or doubt as to the meaning 
of any of the clauses in the specifications, the matter must be sub¬ 
mitted at once to the engineer or architect for interpretation. Under 
no circumstances should the inspector proceed in doubt and take 
chances on everything coming out satisfactory. As a rule, the draw¬ 
ings are subservient to the specifications, and if the plans and specifi¬ 
cations do not agree, the usual practice is to follow the specifications. 
It is best, however, if contradictions occur, to have an understanding 
at once with the engineer or architect controlling the work. 

Very often the inspectors appointed on public works are anxious 
to do good work. However, as a rule they are not familiar with en¬ 
gineers^ plans and specifications, and they have only the knowledge 
of tlie average citizen relating to the materials and methods of con¬ 
struction. The conscientious inspector of this type is very likely to 
cling too closely to the literal interpretation of plans and specifications 
and this course on his part almost invariably involves Mm in difB.- 
eulties with the contractor. The quality of the work executed under 
such conditions always is impaired. 

Those readers who may be interested in the interpretation of plans, 
specifications, contracts, etc., are referred to an article by the author 
on ^ktnterpretation of Documents Composing Enginering Contracts,” 
in the Cornell Civil Engineer^ Vol. 20, page 364, April, 1912. 

Failure to Comply with Plans and Specifications.—On the failure 
of the contractor or any of his workmen to comply with the require¬ 
ments of the plans and specifications, the inspector should notify him 
or his highest representative of the defective work and allow Mm a 
reasonable time in which to make it good, as it is not the inspector’s 
duty to apply the remedy or to interfere with the workmen. If at the 
end of this time the reetideation is not made, or if he refuses to com¬ 
ply with the notice, the inspector must at once report all violations 
of the plans, specifications or contract, or any departure from strictly 
first-class work to the engineer in writing with full particulars of the 
case, concise description of the defective work, character of the order 
given, and reasons advanced by the contractor for refusing to conform 
to the notice. 

When the inspector has reported defects in material or workman¬ 
ship to the contractor and engineer, or their representatives, he must 
content himself with awaiting the corrections through the proper 
officials, although it should be within his power to stop or reject 
the work until there is an opportunity for investigation, and to take 
ii|)on himself these responsibilities he must have knowledge equal 
to that of the superintendent of the work. 

Where it is known that the contractor is encouraging his men to 
skimp the work the inspector should lay his information before the 
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engineer, and at once vigorous measures should be taken to nunove 
such contractor from the work, for he will not do good work, no mat¬ 
ter how thorough or painstaking the inspection may be. 

Complaints: How Made.— Before raising objections or making com¬ 
plaints, the inspector should b(‘ quite sure of his case in order to 
avoid arguments and disputes, and then in as few words as }>ossible 
make the complaint known tirst to the contractor or his authorized 
representative, and afterwards to the engineer, if necessary. Be sure 
you are right before making a complaint, and then take a firm stand. 
Don't let the contractor deceive you into believing that the matinial 
or workmanship is hrst-class when it is not. The complaint should 
by all means be made promptly, for the longer it is put oil the more 
difficult will bo the rectification. 

Arguments and Disputes. —The arguments and disputc^s most fre¬ 
quently occurring between inspeetors and contractors and tludr rep¬ 
resentatives are due mainly to complaints of the fornuu* of mm- 
performance of the work in accordanee with the reepurenumts of the 
plans and specifications, and, on the part of the latter, complaints 
of too close refinement or exactness or undue severity. Th(*se com¬ 
plaints are to be expected and the inspector slioiild at all tinu^s be 
fair and reasonable with the contractor. He must not be too exact¬ 
ing in particulars which do not materially affect tlie quality of the 
finished structure, but if it is an obvious violation of the plans and 
specifications, he must not let the contractor mince the truth in his 
explanations and excuses. 

Adjustment of Disputes.— The inspector will find a very trying 
and unpleasant task in adjusting these disputes with the contraeior, 
unless ho be possessed of a largo fund of amiability and common 
sense. The inspector who errs in his decisions or is irresolute in his 
position is more likely to have bad work thrust at him than one %vho 
can distinguish b(*tween a mere blemish and a real dcTect, and who 
thoroughly understands his ])osition and can maintain it with 
firmness. 

All disputes regarding the manner of doing the w^ork and inter¬ 
pretations of the plans and specifications should be referred tlie 
engineer, if the inspector is unabh* to cope with the situation. 

Communications.— Where possible* all communications of impor¬ 
tance should be transmitted in writing, the inspector retaining a 
copy. Telegrams and telephone* messages should be duly ee)ntirnie<l in 
writing. 

Influencing the Action of Inspectors.— In many cities the payment 
of compensation, or the giving of gratuity, or the granting of valuable 
favors or such other means are often employed by contractors to 
unduly influence the action of inspe‘ctors and not infreeincntly the 
latter not only accept, but persistently demand, valuable considerations 
from the contractor. Such practices are recognized as wrong, atul as 
presumptive of fraud and malpractice on the part both of tlie con¬ 
tractor and the inspector. There is absolutely no excuse why an 
inspector should place himself under obligations to any contractor. 
Specific Duties of an Inspector on ‘Reinforced Concrete.— In no 
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other kind of building' construction is there so much need for inspec¬ 
tion as in reinforced concrete. The best designs and materials are 
of no avail if the work is improperly done. For the inspection of 
reinforced concrete construction the utmost competency and thorough¬ 
ness are absolutely essential. An inspector on such work should have 
a knowledge of the principles of reinforced concrete design. Such 
information may be obtained from almost any of the books now on 
the market pertaining to concrete or reinforced concrete and will 
not be repeated in this book. 

A few points for an inspector to watch closely in reinforced con¬ 
crete work might be mentioned, as follows: 

1. There is the inspection of the cement in its manufacture, 
after delivery, and on the job to see that it is all of the same brand 
and in good condition—Inspection of the sand as to its cleanness 
and condition—Inspection of the broken stone as to its strength and 
size—Inspection of the mixture of the three materials mentioned— 
Inspection of the amount of water added to make the proper con¬ 
sistency—and Inspection of every batch of concrete to see that it is 
mixed in exactly the proportion specified. These constitute only a 
small part of what is required of an inspector on an important rein¬ 
forced concrete construction. 

2. There is the inspection of the forms and supports, the quality 
of the timber, the method of putting it together to meet the inten¬ 
tion of the designing engineer, and with a view to its easy removal 
so as to be used again. 

3. There is the inspection of the steel in the reinforcement, the 
method of making and shaping, and of assembling and connecting 
the reinforcement, and, finally, of placing and fastening it. The in¬ 
spector should constantly keep in mind that reinforced concrete is 
a composite construction, that it is essential to have not only good 
concrete but to have a sufficient quantity of reinforcing steel, and 
whenever in doubt, it is always better to err on the side of safety and 
insert the reinforcement where common sense dictates, even though 
not called for by the drawings. A very little experience should teach 
an inspector where continuity bars are needed, even if they have 
been omitted from the drawings; and in case of such omission, if it 
should appear that continuity bars are needed, communicate with the 
engineer, but do not omit them from places where common sense 
w'ould indieale they are requhed. Sometimes extra steel is needed 
wliere it is necessary to make a joint due to rain or some unavoid¬ 
able accident. 

4. The filling of the forms, the spading and tamping or puddling 
of the concrete around the reinforcement and against the forms and 
the joining of new work to old must be carefuly watched. An eye 
must be kept on the forms ahead of the concreting to see that they 
are cleaned free of shavings, sawdust, dirt, etc. The cleaning of the 
forms is an important item and must be well looked after by the 
inspector. While this is going on the inspector must watch the action 
of the forms and supports and the setting of the cambers, look out 
for leaks, and at the same time keep an eye on the contractor’s men 
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to see that tliey do not run wheelbarrows or carts over the finisiied 
■work, or carry heavy loads over the same. 

5. It is the inspector's duty to see that the eonerele is proptn-ly 
protected afler beino- placed. The eonerele surface must l)e kept 
moist by wet sawdnst, sand or blankets during the summer and prop¬ 
erly prot(‘eied in winter from freezing. 

6. It is also the inspector's duty to see that the forms remain 
undistmhed until the concrete is hardened snllici(‘ntly to enable the 
removal of the supports and braces keeping them in ])osition. 

EEECTIOlsr OF KEINTORCED CONCRETE BtHLEINGS 

The iwocess of erection of reinforced concrete buildings has some 
details in common with tliat of the erection of buildings of ordinary 
construction. In other details, however, the procedure is (|uite dif- 
feivnit. The following summary of the details pertaining to tlH‘ erec¬ 
tion of such structures is all that can he attem})ted in this introduc¬ 
tion. Most of the dcdails are discussed in the following artich\s in 
connection with concrete work in general. 

For detailed discussions and illustrations of various reinfoi’cuHl 
concrete huihlings to be used for different purposes, the readtu’ is 
rcfernsl to the many hooks on this particular branch of construct ion. 

Process of Erection.—The following are about the usual stt'ps in 
about the order in which they are taken: 

1. The pre])aration of the site of the building and tin* (‘xeavation. 

2. The laying out of the foundations for walls, footings, etc. 

3. The (‘rc‘ction of the forms. 

4. The placing of tlu' stcs'l rcunforcement. 

5. The pr()})ortioning and mixing’ of the concrete. 

6. The placing and tamping or puddling of tlu^ concrete in tlio 
forms and around the reinforcement. 

7. The removal of tlie forms and supports after the concretes hiiH 

set. 

8. The finishing of the concrete surfaces. 

9. Tlie finishing or laying of the floor and roof surfaces (wearing 
surfaces). 

10. The testing of the eompleted building. 

Details (3) to (7), inclusive, are successive steps in tlu^ process 
of erection, which are progressive. That is, for exainph% (5) and ((I) 
may be going on for on(‘. story or floor, while (3) is going on in a 
story above, (7) in a story below and while (5) is going on all tlie 
time. 

In the ensuing articles it is proposed to give, the information that 
an insp(‘ct()r of reinforced concrede Imilding construe!ion shouhl 
possess in regard to the erection of the skeleton framework. 

FAILURES IN OONOEETE STRUCTURES 

Failure in concrede or reiiiforccal concr(*te structures may be 
divided into two class(‘s: (1) Failures from unavoidable einmm; 
and (2) Failures from preventable causes. 
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Failures from Unavoidable Causes. —Under this class will come 
earthquakes, explosives, lightning, lire, inundations, tempests; and the 
author knows of no material which, if properly designed, can resist 
any of the above so well as reinforced concrete. 

Failures from Preventable Causes. —Failures in plain concrete 
structures may be classified as follows: 

1. Failures due to the use of green and unseasoned cement as 
well as poor cement—Inferior grades of sand and stone—Badly mixed 
concrete or insufficient water to permit the concrete to attain its full 
strength. 

2. Failure due to placing concrete during the winter months and 
allowing the material to become frozen before the concrete has 
attained its final set. 

3. Failures duo to the use of calcium chloride. 

4. Failures due to the placing of concrete in very hot weather 
when the temperature of the water is around 90° to 100° F., the 
cement at the same time being improperly seasoned, with the result 
tliat the cement gets an initial set in the mixer and is thereby broken 
when placed in the work. 

This analysis will show that a great number of the failures are 
due to mechanical incompetency. 

From the past history of concrete there is good reason to believe 
that if Portland cement is properly manufactured, the proper kind 
of aggregates used and the work properly done, structures built of 
concrete will be reasonably permanent. 

Concrete is one of the best and most reliable of building materials 
when mixed and put in place in a proper manner; where there have 
l)(‘en failures in reinforced concrete buildings or other reinforced 
structures for that matter, it has generally been due to one or more 
of the following causes: 

1. Too early removal of forms lias been the cause of most of the 
deplorable accidents in reinforced concrete construction. 

2. Errors in calculation or insufficient and poor reinforcement. 

3. Tnsnflicient or badly arranged forms and supports. 

4. Mistakes in tlie construction of the columns. 

5. Unsuitable aggregate or cement. 

6. Poor mixing. 

7. Bad workmanship or inefficient supervision. 

8. Misplacing or omitting ilie reinforcement. 

Any of the above causes or any of those stated Cor plain concrete 
failures may be responsible for a reinforced concrete structure being 
a (‘ailurcs but there is absolutely no reason, if these matters are care¬ 
fully attended to, why every sti'ueturo should not be a complete 
success. 

CAUTION 

The engineer or liis authorized representative, alone, have any 
authority to give directions in regard to the work. Any directions 
involving the slightest de^iai’liu’e ih’om tlu^ plans or specifications or 
from both must be given in writing. Particular care must be used to 
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follow this direction. No mini upon the work is to be pennittc'd (o 
receive any orders whatsoever, except from those placed directly in 
authority over him. 

Field inspection is much more imi)ortaiit in the construction oil 
reinforced concrete than in timber or steel construction, for In tlu» 
latter only the connections are made in the held and defects in them 
are easily seen, while in the former the entire structure is fabricaicMl 
in the held and defects are for the most part hidden. 

Natui’ally the person most apt to be blamed for concrete failnrt*s 
is the contractoi”. He, it will be said, is the responsible party. With 
that view the author cannot wholly a^^ree. The contractor should not 
be absolved from blame, hut the en^^im^er and the archit<‘ct, who d(» 
not know the danf 2 :ers, must ecjaally share the responsibility. It is 
their business to know the necessary precautions and to insist that a 
competent concrete engineer or experienced inspector be put on the 
j’ob, there to stay until the work is comphd.ed. It is high timt^ that 
those be adjudged incompetent who fail to insist upon such super¬ 
vision. 
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INSPECTION OF HYDRAULIC CEMENT 

The purpose of this chapter is to supply practical information 
re^ardino^ the classification, storag’e, inspection and test requirements 
of hydraulic cements. Theoretical considerations of the materials 
and methods of manufacture of cement and of the chemical changes 
which take place in setting are to be found in several other books, 
and are not of great interest to an inspector on concrete construc¬ 
tion. The space which they would take is devoted to much more 
intimate detailed information of methods of testing cement and of 
the significance of tests. 

Art. 1.—Classification of Cements 

Hydraulic cements, which are the kinds used in concrete con¬ 
struction, may be classified according to the method of manufacture, 
under three general headings: Portland cement, Natural cement, and 
Puzzolan or Slag cement. The relative importance of each cement 
is indicated by the order in which it is named. 

PORTLAND CEMENT 

The term Portland cement is commonly used to designate hydraulic 
cement formed by burning an artificial mixture of calcareous (con¬ 
taining lime) and argillaceous (containing clay) materials in proper 
proportions to the point whei^e they begin to fuse or melt. The 
materials then combine chemically and form a hard clinker, which 
is ground to a very fine powder. The definition of Portland cement 
is often further limited by specifying that the finished product must 
contain not less than 1.7 times as much lime by weight as it does of 
those materials which give the lime its hydraulic properties, i. e., 
silica, alumina, and iron oxide together, and must contain no ma¬ 
terials added after calcination, except small quantities of certain 
substances used to regulate the action or the time of setting. The 
mixture of calcareous and argillaceous materials generally consists 
of approximately 3 parts of lime carbonate to 1 part of silica, alumina 
and iron oxide. Portland cement is so named because of the resem¬ 
blance which hardened mortar made of it bears to a stone found in 
the Isle of Portland, oE the south coast of England. 
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Sand Cement. —Silica cement or sand cement is a patented article 
manufactured erindin^ together silica or pure sand with Portland 
cement, by which process the original cementing material is made 
extremely fine and its capacity to cover surfaces of concrete aggre¬ 
gates is much increased. This mixture is usually so finely ground 
that about 95 per cent of it will pass through a sieve having 200 
meshes to the linear inch, the 5 per cent of residuum being sand. 
In other words, all of the cement passes a ISTo. 200 sieve. Sand cement 
made from equal weights of cetoent and sand approximates in tensile 
strength to the neat cement and the material is sold as cement. Pro¬ 
portions as lean as 1:6 have been made to compete with Natural 
cements. Sand cements are of comparatively little importance, since 
they are rarely encountered in the market. 

NATUEAIi CEMENT 

Those cements which are produced from a natural cement rock 
directly, requiring neither artificial proportioning nor admixture of 
other ingredients, are all in the class of Natural hydraulic cements. 
Natural cement is produced by the burning and subsequent pulveriza¬ 
tion of a natural cement rock (argillaceous limestone or other suit¬ 
able rock in its natural condition) as found in various localities; 
that is, limestones which contain silica, alumina, and iron oxide in 
quantities greater than would be needed for Portland cement. The 
temperature required is considerably lower than that needed for the 
making of Portland cement, the heat of burning being insufficient to 
cause the material to start to fuse or molt. When thus roasted a 
clinker is formed, which when ground to a fine powder, is ready for 
immediate use. This powder has the property of setting under water, 
and contains a larger proportion of clay than hydraulic lime. The 
composition of Natural cement is extremely variable on account of 
the difference in the rock used in manufacture. 

Brands of Natural Cement. —Natural cements are marketed under 
various names, depending generally on the locality where the cement 
rock is found. There are many brands of natural cement. Perhaps 
the most familiar are Akron, Fort Scott, James River, Louisville, 
Milwaukee, Roman, Rosendale, and Utica cements. The cement, for 
example, known as Bosendale—a term heard in New York and New 
England more frequently than Natural cement and sometimes applied 
loosely to all Natural cements—^is made by burning magnesian lime¬ 
stone, of which very important deposits occur near the town of 
Rosendale, in Ulster County, N. Y. Louisville cement first came from 
Louisville, Ky. In other words, where the name of tlie district is a 
distinguishing mark, it is added to the name of the brand. Roman 
cement is the English name for Natural cement. 

Improved Natural Hydraulic Cement.— In the Lehigh region are 
produced a few brands of Improved Natural Hydraulic Cement,'' 
intermediate in quality between Natural and Portland, by mixing in¬ 
ferior portions of the product of the Portland cement departments, 
or a proportion of the regular Portland cement where the uniformity 
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in quality of the rotary kiln product obtains, with Natural cement 
clinker. Some of the works in the same region place upon the market 
second and third grades of Portland cement, some of which are made 
from the inferior portions of the clinker produced by the kilns and 
some mixtures of a portion of Natural hydraulic cement with the 
product of the Portland cement process. These mixed cements are 
of comparatively little importance, since they are rarely encountered 
in the market. 

PUZZOLAN OB SLAG CEMENT 

Fu,z.zolan cement is the product resulting from grinding together, 
without subsequent burning, an intimate mixture of slaked lime and 
ground blast furnace slag or a natural puzzolanic substance, such as 
volcanic scoria (puzzolan, santorin earth, or trass obtained from 
volcanic lava or tufa). No burning is required, but the mixture is 
ground exceedingly fine. In chemical composition, slag cement con¬ 
sists of a combination of silica and alumina, mixed with hydrated 
lime. In Italy and some other parts of Europe, these cements are 
still made from volcanic tufa; but in America, blast furnace slag is 
used. The tufa or lava first used for this purpose appears to have 
been obtained at Pozzuoli, a small city lying near the base of the 
volcano Vesuvious. For this reason the name Pozzuolana~OYy as it is 
very commonly spelled, Puzzolan—--was first given to this form of 
cementing material, and has since been extended so as to include all 
forms of slag cement which are made without burning. 

Art. 2.—Delivery and Storage of Cement 

Cement should be delivered in suitable packages with the brand 
and name of the manufacturer plainly marked thereon, and should 
be stored in a dry, well-covered and well-ventilated place and thor¬ 
oughly protected from the weather. 

DELIVERY OF CEMENT 

The receipt of each shipment of cement must be noted and its 
correspondence with the report of the mill tests must be cheeked by a 
count of the number of bags or barrels, the presence of the laboratoiy 
inspection tags, brands and the car initials and numbers. Broken 
packages must be put to one side. 

All cement should be furnished in the original package, either in 
first-class barrels or in stout paper, cloth or canvas sacks, which 
should be plainly marked with the brand or trademark of the manu¬ 
facturer of the cement. It should be delivered in good condition, 
perfectly dry and free from lumps. No cement without the maker^s 
brand should be received. The cement should be furnished in 
unbroken packages. 

Aeration of Cement.—No cement should be shipped until at least 
forty-five days after its manufacture, except that in case of an emer¬ 
gency, and with the approval of the engineer in charge of the work, 
a shorter time may be allowed, but if the cement shows indications 
of unsoundness, a longeh* time may be required. 
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Delivery of Cement in Barrels. —Each barrel should be properly 
lined with paper or other material so as to effectually protect the 
cement from dampness. Any cement damaged by water to such an 
extent that the damage can be ascertained from the outside should 
be rejected in toto and the barrels unopened. Barrels containing a 
large proportion of lumps should also be rejected (see page 29). 
Broken barrels, otherwise satisfactory, may be counted half-barrels. 

Delivery of Cement in Sacks. —Cement sacks are made of either 
cloth or paper, cloth usually being preferred, as paper bags are easily 
torn in handling, causing waste of cement. On the other hand, no 
care has to be expended in preserving paper bags, there is less loss 
by cement sifting out, and paper is less easily penetrated by moisture 
than cloth. Again, cloth bags may be returned, and will be re-pur¬ 
chased by the manufacturer: paper bags cannot be returned. 

When cement is delivered in cloth bags, see that the sacks are of 
good quality and sound. Sacks made of open material, or worn, 
should with their contents be rejected. Any sacks broken or contain¬ 
ing damaged cement may be rejected or accepted as a fractional sack, 
at the option of the engineer or the inspector. The consumer has an 
allowance made him for the return of empty cotton sacks, if made in 
accordance with the requirements of the Cement Company. The sacks 
must be kept dry, untorn and ship]oed back by freight. 

When cement is delivered in paper bags, see that the sacks are 
strong and perfect in every respect. 

Time of Delivery. —The contractor should be required to furnish 
the cement upon the work at least ten days before it is to be used, 
in order that time may be given to make the necessary tests. 

Notice of Delivery.— The contractor should be required to notify 
the engineer when deliveries are to be made a sufficient time in 
advance to allow the engineer to have a representative present to 
sample the cement; or the contractor should be required to rehandle 
the cement in the storehouse for the purpose of obtaining samples, 
as directed by the engineer. 

Rejection. —Cement showing signs of damage from moisture or 
other causes, such as caking, lumpiness or other defects, may be 
rejected without testing. 

STORAGE OF CEMENT 

Much care should be exercised in storing cement, since it readily 
absorbs moisture from the atmosphere, becoming lumpy or even a 
solid mass when kept in a damp place. Such cement is useless and 
must be thrown away. If the cement is to be stored in a damp 
place or near the sea, it should be packed in well-made wooden bar¬ 
rels lined with paper. Cement should not be placed directly on the 
ground, but on boards raised a few inches. 

Deterioration of Cement in Storage.— To guard against deteriora¬ 
tion the cement should be stored in dry, well-ventilated buildings and 
protected from moisture. Portland cement exposed to the atmosphere 
will absorb moisture until it is practically ruined, while the absorp¬ 
tion of moisture by Natural cement will cause the development of 
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carbonate of lime, which interferes with its snbsec^nent hydration. 
Cement in wooden barrels or in paper ordinarily l^eeps better than 
when packed in cloth. In all eases where cement ha,s been loiii*' stored 
it should be carefully tested before use to aseerta^iia whether it has 
deteriorated in strength. 

If kept dry, cement will not be injured by long* storage. If prop¬ 
erly stored, Portland cement can be carried from one season to an¬ 
other without deterioration. In fact, contrary to former belief, in¬ 
stead of deteriorating, the quality is often impx-oved by storage, 
especially with some makes that have shown considerable improve¬ 
ment. A period of storage diminishes the danger? of nnsoundnoss. 
Portland cement is rendered slower setting by long* storage, and its 
tensile strength is increased if kept in a dry place fnee from draughts. 
In other words, long storage of cement in general tends to retard its 
setting, though not preventing its ultimate acquisition of fall hard¬ 
ness and strength. 

Proper Storage of Cement. —Select a storage pla,ce that is thor¬ 
oughly dry. It is not sufficient that the cement be stored out of the 
rain; storage in a damp basement will soon ruin eement by caking 
it. Cement should be stored in dry, well-ventila.ted buildings for 
work of any magnitude; and for work of less importance it should 
be safely stored and protected from moisture in any form. The 
requisites for proper storage of cement are protection from dampness 
and excessive heat, and ventilation with plenty of d-x-y air. 

Weather-Tight Shed or Storehouse. —Cement mxxst be stored in a 
shed or house of substantial design, where water or even dampness 
will not penetrate, the floor being dry and strongly ’built. The store¬ 
house should be raised at least 6 in. above the gronnd, in order that 
a circulation of air under the floor may insure dryness, and the sides 
and roof must be water-tight to protect the eement from rain or the 
injurious effects of the elements, namely, air currents or other source 
of injury. Whatever the arrangement selected by- the contractor 
may be, the inspector should insist upon a thoron.g'bly damp-proof 
structure, with tight floors placed well above tlie g^'round. Moisture 
from the ground and from condensation is to be as earefully avoided 
as from rain and snow. 

As an additional precaution, the eement should, be stored on a 
platform, raised 6 or 8 in. from the floor, and away from the walls. 
Blocks should be laid on the floor, and planks placed over them, thus 
providing a platform slightly raised above the stoireiroom floor. On 
this platform the cement should be piled, and a eov^ering of canvas 
or pieces of roofing paper should be thrown over tbe pile. 

The temperature must be kept as low as possible in summer, as 
a temperature of from 80° to 100° F. may seriously interfere with 
the setting qualities of the cement, changing normal cement into 
extremely quick-setting eement. This knowledge should always he 
imparted to every one on the job, so that close watch may be kept 
of all batches of concrete deposited in the work. 

The cement house should be sufficiently large so that the different 
lots of eement can be kept separate and readily accessible. The 
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specifications for the reception of cement shipments usually stipulate 
a definite time auring which the shipments must be held on the work 
while undergoing* test, and this necessitates ample storage facilities. 
Due regard should be given to the ease of getting the cement in 
and out. 

The cement house should be provided with suitable scales for 
weighing the cement. 

Storage of Cement in Carload Lots. —Cement is generally received 
in carload shipments of from 100 to 200 barrels, which should be 
stored in such manner as to enable each carload lot to be kept sep¬ 
arate, so as to permit convenient access for sampling, counting* of 
packages and removal. One carload should not be placed immediately 
upon another. 

An ideal arrangement is to divide or partition the storehouse into 
a number of bins, each being of sufficient size to hold a carload and 
so arranged that each bin is readily accessible so that it may be 
filled or emptied with a minimum amount of labor. Over, or by the 
side of each bin, should be fastened a placard giving: (1) the brand 
of cement; (2) the number of packages; (3) the name and number 
of the ear in which it was shipped; (4) the date when received; and 
(5) a space for the mark acceptedor rejected,with date. 

Piling Cement in Storehouses. —When the cement is received, 
whether in sacks or barrels, it should, if possible, be piled in tiers 
in the storehouse in such a manner as to permit easy access to any 
package for proper inspection and identification. Each lot or con¬ 
signment received must be piled by itself and its dale or receipt, etc., 
plainly indicated as mentioned above. In other words, the cement 
should be piled in such a manner as to keep different consignments 
separate and apart and to give access for sampling and marking to 
any bag* or barrel desired. 

Cement may be piled in lots of a few hundred bags each, in regu¬ 
lar tiers and rows, with each tier and row eight or ten bags high. 

A 200-barrel car consists of 800 bags. If piled 10 high, 800 bags 
can conveniently be arranged in 5 rows of 16 bags each. Five times 
the length of a bag is about 9 ft. Sixteen times the width of a bag 
is about 20 ft. These figures require very snug piling. (See Fig. 1.) 

If bags are piled 20 high, a somewhat greater length is necessary 
because the end bags must be arranged in the form of a ^^bulkhead’’ 
to resist the outward pressure. Such a bulkhead can best be made 
by laying a first row of headers, carried ten high with the bags 
behind placed as usual. The eleventh and succeeding tiers should 
also have an end row of headers, but they should overlap only about 
half the length of a bag of the lower ten tiers, extending over the 
first one of the cross rows. In the upper section the header row 
should be carried only eight high, and instead of seven rows of bags, 
only six should be used. The inside portion between the two end 
bulkheads should be made long enough to take 14 bags. With this 
arrangement, a pile will contain four bags less than 1,600 or two 
cars of 800 each. Each bulkhead should therefore have two extra 
bags placed on top and each will then consist of 170 bags. Each 
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interior vertical row across the pile will consist of 90 bags. THe 
upper ten layers will contain 660 bags, and the lower section 940 
bags. In the smaller pile, each tier parallel with the end of the pile 
contains 50 bags and it is a very easy matter to tally piles and keep 
track of shipments. Witli the higher piles the arithmetic is more 
complicated. A pile 20 bags high will measure very close to 10 ft. 
to the top. (See Fig. 1.) 




ARM^EME^fT OF 

Lomit TefIa vers 
When Piled Twenty 
I fioK To Hold 4^00 
Barrels. 


I Arranoement of 
I Upper Ten Layers 
\ on Top .OF Pile 
I Shojvn Above 

j 





Aera/ioepientqfBaos 
M fEN Piled TEN/fron 
For ZOOBappelCar 


Fig. 1. Arrangement of Cement Bags in StoreliQuse. 


If the cement is stored to any considerable height, the cement in 
the lower layers of bags .sometimes become hard from compression, 
but no harm results from this. Cement in sacks can seldom be stored 
to advantage to heights greater than that of 20 or 22 full bags. The 
tiering of bags higher than ten requires extra labor in and out. 

It will be found best to maintain a gangway about 6 ft. wide 
wherever cement has to be handled, but only about 2 ft. is enough 
to allow between piles, just sufficient for a tally man to make his 
way through. 

Barrels may he stored by tiering in double rows, the barrels lying 
on the side. The end barrel on the bottom layer is placed against a 
chock’’ firmly fastened to the floor. This chock should be a block 
of wood about 6 in. thick, beveled on one side to fit against the bilge 
of the barrel. A barrel is about 20 in. in diameter, so that a layer 
of any number of barrels will require 1 2-3 times as many feet in 
length. Conversely a length of any number of feet will bouse 3-5 
times as many barrels. Each layer upward will contain one less 
barrel. The first layer will be about 20 in. high, two tiers will be 
about 36 in. high and each additional tier will add about 16 in. 
Thus any number of tiers will be 1 1-3 times as many feet high plus 
4 in. Three tiers will be about 4 ft. 4 in. Six tiers will be about 8 
ft. 4 in., and eight tiers will be 11 ft. This is about as high as it is 
well to carry such work. Barrels, if carried too high, require special 






INSPECTION AND TESTS 


27 


hoisting arrangements or long inclines and the barrels are apt to 
burst. 

Where storage space is limited, the barrels may be numbered and 
sampled before they are placed in the storehouse, and they may then 
be piled solid, but this should be avoided whenever possible. Sacks 
cannot be so neatly stored, and since a smaller quantity is contained 
in a sack, they may be tiered so that every third or fourth sack is 
accessible. 

Whatever the arrangement selected by the contractor, the in¬ 
spector should insist upon the shipments being so stacked that each 
is accessible for inspection, marking and removal. That is to say, 
in piling cement it is wisest to separate each shipment and preferably 
each ear load. The latter is the practice followed by many large 
users. No sample should be taken by the inspector until the cement 
is piled as herein mentioned, as it is his duty to insist that it be 
stored for ready removal of any lot condemned. 

Di:l^erent lots of cement must be kept separate, and under no 
conditions are subsequent lots of cement to be piled upon or in front 
of old cement already in the storehouse. Make the contractor use 
cement in regular order, the oldest first. By such a method of piling 
the amount used each day can be readily cheeked. See that previous 
lots of cement are used up before taking from the newer lots, unless 
specially directed otherwise by the engineer. 

Ample Supply of Cement for Testing.— The contractor should be 
required at all times to keep in store a sufficient quantity of cement 
to allow at least ten days to elapse between the time of testing and 
the time of using (holidays and Sundays excluded). On large works, 
enough cement should be stored to last a month, in order that tests 
may be made, unless tests are made in the warehouse of the manu¬ 
facturer. 

Storage of Cement in the Open. —Storage of cement in the open 
should be limited to small quantities to be used immediately in the 
work. Bags of cement should not be piled on wet ground, sidewalks, 
pavements, etc., but on a platform, so that no part of the packages 
shall be nearer than four inches to the ground or pavemenl, and 
they should be stacked in compact piles wliich can be covered with 
tarpaulin in case of showers. The inspector should see that tar¬ 
paulins are provided and are ready for immediate use. In other 
words, if necessary to stack cement out of doors a platform of planks 
should first be made and the pile covered with tarpaulins. The 
cement must not be allowed to become wet or damp under any cir¬ 
cumstances and must be effectually covered so that rain cannot reach 
it. Covering with planks is insufficient. 

Art. 3.—^Inspection and Tests of Cement 

Although there is a tendency among cement manufacturers to 
improve the quality of their material, yet this does not relieve the 
necessity of careful inspection of cement delivered for imi)ortant 
concrete work. Engineers sliould not consider the careful inspection 
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of cement purely as an additional refinement in connection with con¬ 
crete construction, but as an absolute necessity, and should establish 
the unconditional rule of not permitting any cement to go into their 
work until they are fully satisfied by careful inspection that the 
cement is of good quality and capable of giving them the very best 
results. All cement should invariably be inspected. 

Cement may be inspected either at the place of manufacture or 
on the work, or both, as may be ordered by the engineer. It may 
also be stopped in transit, on line of road, for a sufficient length of 
time to allow the lot to be sampled. 

Field Tests.—In all instances, the cement is supposed to be tested 
at the mill. Test samples are taken from the several bins of the 
stock in storage, and when the cement has passed inspection, the 
material is taken from these bins and packed for shipment and de¬ 
livery. Though cement direct from the mill is uniform and reliable, 
it may not remain so, and tests on the work are therefore necessary 
to determine its genuineness, that is, whether the article supplied is 
cement of a brand previously tested and accepted, and whether it is 
reasonably sound and active, the soundness of a cement being a 
quality that can be readily affected by improper storage, etc. 

Sometimes, however, the cement is inspected in the warehouse or 
stock house at the manufacturer’s. For works using an extremely 
large quantity of material produced at a single mill this may be 
advantageous, but otherwise it is impracticable, and furthermore is 
less accurate for the reason that the conditions surrounding the 
cement during transportation may be of such a nature as to alter its 
physical properties completely, and therefore the material tested may 
be radically different from that used in the work. 

The preferred practice of engineers is to inspect and test the 
cement after it has been received in the field, both as a matter of 
convenience, and to insure against the substitution of inferior mate¬ 
rial after inspection. 

On work of any importance it is good practice to make field tests 
of the cement (setting time and soundness principally, as described 
on pages 36 and 37) to guard against changes, and also compression 
tests on cubes made from concrete taken from the mixer or the wheel¬ 
barrows (see pages 248 and 303). These tests simply, supplement the 
laboratory tests described on page 39 and cannot replace them, the 
compression test on the concrete as actually used is in itself a very 
excellent check on the efficiency of the mixture used, and gives also 
important information as to the proper time for removal of the forms 
as mentioned in Art. 19. 

FIELD mSPECTION 

In order to determine correctly the structural value of a shipment 
of cement, field inspection is very necessary. This should include an 
examination of the condition and weight of the packages; and of the 
condition and color of their contents; field inspection should also 
include an examination of the storage facilities for the cement. 

Condition of Cement Packages. —^Upon receipt of a shipment the 
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condition of the packages (either barrels or bags) should be observed. 
The packages should be fully intact, being in fairly good condition, 
without breaks or tears. The bags should be securely tied and, if so 
stipulated in the specifications, sealed properly with a lead seal. 

If a special brand has been specified, all packages should be of 
this make, being plainly marked with the brand and name of the 
manufacturer. Ko cement should be inspected unless delivered in 
suitable packages properly branded. In other words, uiibranded 
packages should be discarded and not allowed to enter the work. 

If the specifications call for siDecial sealing of bags, note the con¬ 
dition of such seals and whether or not they bear the inspector’s 
mark. In ease the seal and brand mark bear different names, the 
name on the seal should govern, but this should not be allowed to 
(iccur except in occasional instances. 

Weight of Cement Packages. —A provision of many cement speci¬ 
fications is that the net weight of the packages shall not be less than 
a certain quantity. This weight should never be permitted to fall 
below the stipulated amount; for, since mortar and concrete are usu¬ 
ally proportioned on the assumption of this weight (see Art. 14), 
the resulting mortar or concrete will be considerably weaker than 
intended. For the weight of cement packages, see Art. 2, page 22. 

The determination of the net weight of packages being usually 
made in the field is considered as part of the inspection rather than 
the testing and consists of weighing a number of packages of cement 
at intervals. This may be done by weighing, say, 10 packages, either 
separately or together, and then the bags or barrels after the cement 
has been emptied from them, the difference being the net weight of 
the packages. 

Condition of Cement in Packages. —A field inspection often enables 
a correct judgment to be formed of the condition of the cement as a 
whole, the field inspector often being able to form a more correct 
judgment than the tester in the laboratory. 

The inspector should carefully note whether cement is lumpy and 
whether these lumps can easily be crushed in the fingers, as a possible 
indication of inferiority is the presence of lumps throughout the bulk 
of the material. If not easily crushed, the cement has probably been 
affected by dampness; but if easily crushed there is simply an indi¬ 
cation of an old or well seasoned cement which generally appears 
rather lumpy. 

On standing, cement gradually absorbs moisture from the air. 
This moisture is at first present in merely a minute and harmless 
state, but gradually it combines chemically with the cement; that is, 
in the same manner as when cement and water are actually mixed in 
practice. In the first condition, lumps usually appear, but these 
lumps can easily be crushed in the fingers and hence in making the 
mortar or concrete are entii’ely broken up and thus are not detri¬ 
mental. If, however, the cement has been subjected to excessive 
dampness, or has been wet, lumps will be formed which are hard and 
difficult to crush. This probably indicates that chemical action has 
begun, the cement being hydrated and of inferior quality. 
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Cement containing lumps of this character is sometimes screened 
and the siftings used, hut even in such eases the finer particles, 
which must have been subjected to nearly the same conditions as 
those that formed lumps, cannot be of as good a quality as originally. 
If an attempt is made to break up lumpy cement of this character 
and use it, it will be found to have lost most of its adhesive power 
and hardening qualities, and so to have lost the greater part of its 
strength and value as a building material. 

While opinions are divided on this subject, it is usually advisable, 
and certainly the safest practice, to reject outright a shipment con¬ 
taining any appreciable quantity of hardened lumps or cakes j unless, 
of course, the conditions producing this result only affect a certain 
part of the shipment, in which case only that part need be rejected. 
Cement should invariably be rejected which has been wet, and caked 
into hard lumps. Old or well-seasoned cement is usually lumpy but 
the lumps are easily broken with the fingers, in which case the cement 
is entirely satisfactory. 

Color of Cement in Packages. —It should also be noted whether 
the cement in the several packages is the same in color, thus pre¬ 
cluding the possibility of other brands having been substituted in 
the cover specified, as a change in color may indicate a change in 
brand or quality. The color of Portland cement, ranging from bluish 
to yellowish gray, affords no criterion of quality in field inspection, 
except in so far as uniformity is concerned. (See page 46.) 

If it is observed that the contents of different shipments or dif¬ 
ferent parts of the same shipment are different in color, it is obvious 
that the shipments or parts of the same shipment are not all of the 
same material, thus pointing to a lack of uniformity. When this 
occurs, tests should be made of each grade of material to ascertain 
whether the cement is all acceptable, or whether it is a mixture of 
good and bad material. 

Examination of Storage Facilities. —The storehouse should be fre¬ 
quently inspected to see whether the material is properly protected, so 
that it is impossible for the cement to deteriorate in quality while it 
is being held (see Art. 2, page 23). The storehouse must be kept dry 
at all times. Very often a shipment may show excellent tests but, by 
the time of their completion, the cement has been so mishandled as 
to have become worthless. 

Report of Field Inspection. —A full report of the field inspection 
of every shipment should be sent to the testing laboratory with the 
sample and made a part of the permanent records (see page 39). 

Rejected Cement. —Rejected cement should be removed at once 
under the supervision of an inspector, and some or all of the barrels 
or bags marked with a private mark so that it can be recognized if 
attempt is made to ship it back again. 

Simple Method of Cement Inspection. —The following method of 
inspecting cement has been successfully employed in a number of 
cities and is here stated for its simplicity. 

As soon as a carload of cement arrives for the contractor, the 
engineer should be notified at once. The bin in which the cement is 
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placed may be tagged with white cards, about 4x6 in. in size, bearing 
a serial number in large-size type and the word ^^BLOLD,’^ together 
with spaces for ear number, number of bags in the ear, and the bin 
number and date sample. When the cement has passed the neces¬ 
sary laboratory tests (see page 39), the white card may be removed 
and a pink one substituted, bearing the word RELEASED. The 
inspector can thus see at a glance whether or not the contractor is 
using cement from an approved lot. When the bin is empty the pink 
card should be returned to the laboratory or to the engineer, as the 
case may be. 

It is customary every Saturday for the inspector to mail to the 
laboratory or the engineer a postcard stating the number of bags 
used from each bin on his work. Records are kept at the laboratory 
or in the engineer's office and the number of bags turned in cheeked 
up with the original number unloaded into the particular bin. 

If an additional precaution is considered necessary by the engineer 
in order to insure the use of tested cement only, the following method 
may be employed. The inspector should be required to attach a 
numbered tag, say 2 in. long, to each bag of the carload in question. 
The number should be the same for the whole carload. When the 
carload is approved by the laboratory or the engineer, the inspector 
is given the lot number of the released car. As the cement is used 
the tags are torn olf by the inspector and at intervals turned in to 
the laboratory or to the engineer, where they are counted and re¬ 
corded. 

SAMPLING OF CEMENT FOR TESTING 

Samples for testing should be furnished at such times and in such 
manner as may be required. The selection of the sample for testing, 
the number of packages sampled, and the quantity taken from each 
package, must be left to the discretion of the engineer, but each 
samjde should be a fair average of the contents of the package from 
which it is taken. 

The method of sampling must be that directed by the specifications, 
when there embodied. Careful and accurate sampling is necessary in 
order to obtain a true average of the shipment. 

Methods of Sampling. —The sample for testing is generally taken 
in one of three w^ays: (1) An average sample from several packages; 

(2) separate samples, each from a single package, tested separately; 

(3) from a single bag taken at random. 

Perhaps the most satisfactory method of sampling is to take a 
small sample from each of a number of bags, mix these lots together 
and separate the same into a convenient size for testing. For deter¬ 
mining the characteristics of a carload of cement the individual sam¬ 
ples may be mixed and the average tested. This mixing of samples is 
not considered advisable by many authorities except for the putpose 
of determining the characteristics of a shipment, as just stated. A 
mixture of samples will not reveal irregularities in quality. 

The separate testing of a number of samples, each taken from a 
single bag, involves usually a large amount of unnecessary work. 
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especially if the lot represents a shipment of not more than 150 bar* 
rels. For the usual condition of shipments received in lots of 150 
barrels or less, a singie sample representing the average of the mate¬ 
rial is sufficient. Occasionally, however, the separate testing of a 
number of samples, each taken from a singie bag, may be desirable, 
especially with a new brand, as a Check on its uniformity. The in¬ 
spectors, of the cement intended for use in the New York Rapid 
Transit Subway make their tests at the mill on eleven samples taken 
from each bin, ten of which are from borings made at different parts 
of the bin, while the eleventh is a mixture of the other ten. Where 
time 'will permit, each sample may be tested separately, instead of 
being mixed. 

Many specifications state that cement drawn from several samples 
shall not be mixed or mingled, but the individuality of each saii^ple 
package must be reserved. All materials taken from the same sam¬ 
ple package .may, however, be thoroughly mixed or mingled and the 
tests be made therefrom as showing the true character of the contents 
of the sample package. United Stales Government specification for 
Portland cement re(iuires that samples shall be tested se})arately for 
physical qualities, but for chemical analysis mixed samples may be 
used (see page 50). 

A sample taken from only one bag or barrel in a shipment is 
manifestly unfair and inaccurate and hence the method should not be 
permitted. 

Percentage of Barrels to Sample. —^In securing a sample for test¬ 
ing, the essential point is to get one that will fairly represent the 
entire shipment whose qualities are to be determined. 

The amount of cement which can be represented by a single 
sample for testing must be determined by each user of cement ac¬ 
cording to his knowledge as to the uniformity and reliability of the 
brand in use, and according to the character of the work in which 
the cement is to bo used. In otlier words, the maximum size of a 
shipment of cement which shall be accepted on the test of a single 
sample, is a matter governed more by local conditions and the discre¬ 
tion of the engineer than by any fixed rales. In practice, since 
cement is usually shipped in car-load lots of 100 to 150 barrels, it is 
convenient to represent this quantity by a single sample, but this 
quantity is near to the safe maximum. 

There is no uniformity of practice among engineers as to the 
sampling of the cement to be tested, some testing every barrel, others 
every fifth, and still others every tenth barrel delivered. Sometimes 
several tons of cement are accepted on a single test. As the improve¬ 
ments in methods have decreased the work involved in making the 
simpler tests, the tendency has been to test a larger percentage of 
the packages. The common practice is to take a small portion of 
material from every tenth barrel, or, what is the same thing, from 
every fortieth bag, since, with the usual packing of Portland cement, 
four bags to the barrel, one bag in forty is equivalent to one barrel 
in ten. The Committee of the American Society of Civil Engineers 
recommends that where conditions permit,^’ one barrel in every ten 
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be sampled. There is no necessity because of the smaller size of 
the packages for testing a larger proportion than one in forty, as 
the total weight will be about the same. Thus, in a carload shipment 
of six hundred bags, fifteen bags should be opened and sampled. 

Although the sampling of one barrel in every ten is representa¬ 
tive of average practice for larger lots, it is entirely too little for 
the small lots frequently received for short sections of sewer and 
other similar small jobs that are common in municipal work, where 
the entire amount of cement used may be only 30 or 40 bags, and 
which, according to this method, would be represented by a sample 
from only one bag. In other words, when tests are to be made on a 
shipment of only a few barrels, more packages than one in ten 
should be opened. When small lots of cement are used, a sample 
from every five or ten bags seems to be about right. That is to say, 
small samples should be taken from a great number of bags and 
mixed. This gives a better average indication of the cement. For 
mortar face work, samples are sometimes taken from each barrel. 

When the shipment is large, say over 150 barrels, it is advisable 
to separate it into portions of not over this amount, and to sample 
each portion separately. 

Selecting Samples. —In selecting the packages to be sampled, care 
should be exercised that they are taken from different parts of the 
pile, in order that the a^'erage sample or samples may fairly repre¬ 
sent the ear load or shipment. In other words, the individual sam¬ 
ples from the several bags or barrels must be taken from various 
parts of the ear; that is, at random. 

If it is possible, the best time to take the samples is when the 
cars are being unloaded at the store-house, every bag in 30 or 40 
being opened and sampled, or any other number that may be con¬ 
sidered necessary. 

In selecting cement for experimental purposes, care should be 
taken that the sample be representative of the material in the pack¬ 
age, part being taken from the surface and part from the interior, 
in order to insure a fair exponent of the quality. In other words, 
the material taken from any one package should be an average of its 
entire contents, since the cement on its exterior is more liable to 
influences tending to change its properties than that on the interior, 
and also on account of the separation of coarse and fine particles in 
eases where the package has been subjected to much jolting in 
transportation. 

Taking the Sample. —The sample should be taken in such a man¬ 
ner as to fairly represent the package as mentioned above, and for 
this purpose a sugar trier’’ may be used, by which is obtained a 
core of cement about one inch in diameter and eighteen inches long. 

Cement in barrels may be sampled through a hole made in the 
center of one of the staves, midway between the heads, or in the 
head, by means of an auger or a sampling iron similar to that used 
by inspectors of flour or sugar, which takes a small cylinder of the 
material from the surface to the center of the package. This auger 
or sampling iron is thrust into the hole made into the barrel, turned 
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around, pulled out, and the core of cement knocked out into the 
sample can, which is usually a tin box with a tight-htting cover. The 
hole is then closed with a piece of tin firmly tacked over it. 

As any tool used for boring cement barrels soon becomes dull, 
and as a sampling auger is sometimes difficult to sharpen, the author 
prefers to use an ordinary bit and brace to penetrate the barrel 
head or side, and then extract the sample with the sampling auger or 
sugar trier. 

If in bags, the cement should be taken from the surface to center, 
using either the sampling auger or a long slender scoop of similar 
form provided with a handle. 

Size of Sample. —The size of the samples depends on the number 
of tests to be made; for the ordinary tests as given in any one of 
the standard specifications, the amount should be between 8 and 10 
pounds. Whenever cement is being used in car-load lots, a sample of 
at least 8 lbs. should be taken from each car. The aggregate amoiini 
of cement usually taken out of each car load is about 18 lbs., one- 
half of which is sent to the laboratory, and the other half is stored 
for reference by the engineer. Nine pounds are usually suflicient for 
the purposes of the tests in common use. 

Labeling Samples.— Each sample should be sealed, and carefully 
labeled with the number of the sample or ear number, the number of 
bags or barrels it represents, the brand of the cement, tlu‘, purpose 
for which it is to be used, the date of delivery, and date of sampling. 


Sample No. 

Car Number. 

No. of Barrels... 
Brand .. 

Form of Label 


To be Used. 

Delivered. 

..•..191.. Sampled. 

.191.. 


By. 



Care of Samples. —The cement, after sampling and before testing, 
must be well protected, as otherwise it may not be in the same con¬ 
dition as the cement in the packages. Samples exposed to lu^at, cold, 
dampness, or any other abnormal condition may seriously affect the 
results. Undoubtedly, many errors in cement testing are due to care¬ 
less handling of the samples. 

For storing the sample until it is tested, it has been found con¬ 
venient to use covered tin cans holding about one pint, the cover of 
the can being labeled as mentioned above. Sam])les must be si.on^d 
in a dry place until tested, being kept entirely away from the air and 
dampness till made into paste. 
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If duplicate samples have been taken, these must be kept in a dry 
place until the cement in that particular car has been used and the 
concrete is in place and thoroughly set. 

Marking Packages. —All packages sampled must be properly 
marked, so they may be resampled if necessary. Every bag or barrel 
of cement should be marked by the inspector, or other precautions 
may be taken so as to identify the lot from -which it is taken and to 
insure that no cement is delivered for use in the work which has not 
passed the required tests. Any package of cement which cannot be 
so identified may be rejected. 

FIELD TESTS WITHOUT LABOEATOEY EQUIPMENT 

In addition to the usual tests, the inspector should be required, 
from time to time, to make pats and balls of pure cement, and of 
cement mixed with sand, in order to satisfy himself that the cement 
going into the work is uniform in character and has not been injured 
by exposure to weather or in any other way. It is very easy for one 
lot of cement to differ very much from another lot of the same brand, 
and it is, therefore, very important that the inspector apply some 
rough tests to get an idea of how the cement is running. 

Cement Testing Hcase. —The contractor should be required to fur¬ 
nish a small, rough board building or room on the work for cement 
testing, furnished with shelves, racks, benches and work table. A 
steam pipe should be run into the same and sufficient heat furnished 
to prevent freezing during the day or at night in cold weather. The 
expense of sucli, together with the fitting up and warming of the 
same, will, of course, be included in the whole work. 

Fineness. —Cement should have a clear, almost floury feel in the 
hand; a griity feel denotes coarse grinding. Sift five ounces of 
cement through a standard test sieve of 100 meshes per lineal inch. 
Reject cement of which more than % ounce is retained on the sieve. 
This is very conservative and the limit may be made % ounce, for 
many Portland cements are now in the market which will leave less 
than 4 per cent. A test by 200 mesh sieve with a 28 per cent limit 
is desirable but takes time. This sieve may be used in comparing 
the quality of two brands otherwise similar, choosing the finer cement. 

Mixing Pats and Balls. —Secure a piece of glass about 20 in. square 
or larger (or a piece of sheet metal of similar size) and fix it on a 
bench or table. Secure an 8 in. brick mason's trowel, or devise a 
similar tool from a piece of still metal. If these are not available a 
wooden spatula may be cut from a shingle or similar piece of wood. 

Take as much cement as is held when even full in an ordinary 
drinking glass, spread on the glass or sheet metal in a ring and pour 
in the center a little water from another glass which has been previ¬ 
ously graduated by scratching on the outside the successive depths 
to which small, equal (not necessarily known) quantities of water fill 
it. This rough graduation can be easily accomplished and should be 
carried so far as to ascertain the total number of the small quantities 
l-equired to fill the glass level full. 
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Turn the dry eement into the center of the ring containing the water 
until the water is all absorbed, after which work the mixture with 
the trowel or spatula by crushing it in small strips under the edge 
of the tool so held as to be nearly parallel with the glass or sheet 
metal, until the whole is of uniform consistency. This operation usu¬ 
ally requires from two to four minutes. Add water little by little, 
constantly working the mixture until the latter conforms to the con¬ 
ditions described below for normal consistency. Note the amount of 
water as a decimal fraction (by volume) of the eement which is 
required to give the desired consistency. Multiply this fraction by 
323 to obtain the percentage of water by weight. The temperature 
of the mixing water and of the cement should be as near 70® IS'. 
(usual house temperature in winter) as possible. 

If weighing scales are available, use about % lb. of eement in¬ 
stead of the quantity held by a drinking glass, % lb. being eciuivalent 
to 277 grams. 

If possible, secure a cylindrical graduate marked in cu. cm. instead 
of graduating a glass tumbler as above described. When the graduate 
is used, note the number of cu. cm. of water required to secure normal 
consistency as mentioned in the next paragraph. Since 1 cu. cm. of 
water of normal temperature weighs 1 gram, the percentage of water' 
by weight required can be readily calculated. 

Normal Consistency. —That amount of water is io be used in pre¬ 
paring test specimens which will produce a paste having the following 
characteristics : 

1. It shall be firm, well bonded, shining and plastic. 

2. It shall not change in consistency when worked double or triple 

periods of three minutes. 

3. If dropped 20 inches from a metal trowel it shall leave ilio 

trowel clean. 

4. A ball dropped 20 inches shall neither flatten appreciably nor 

crack. It should fall without losing its diameter more than 

% inch. 

5 . Light pressure should bring water to the surface and the 

paste should not stick to the hand. 

The normal consistency of a mixture of cement and water or a 
mixture of cement, sand and water, may also be determined by using’ 
the Vicat apparatus as described on page 53. 

Setting Qualities. —Secure a piece of glass about 4 in. square and 
mold upon it a cement pat of normal consistency about 3 in. in diam¬ 
eter and % ill- thick in the center and sloping to thin edges all 
around. This should be kept in moist air, free from sudden changes 
in temperature and draughts of air, and tested from time to time 
for setting or hardening, by noting the interval of time that elapses 
until the pat resists penetration under pressure of the thumb-nail. 
This point is where initial set ends and final set begins. It is the 
stage which immediately precedes the hardening process. Such tests 
should agree with the requirements stated in Art. 4. Reject eement 
which sets in less than 30 minutes. It may take three hours or more, 
but it will be better for most work if it sets in one hour. 
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The instuni of ^4niiial set/^ and *Minal set” may be dtdermined 
as follows: 

Secure a wire l/ll2 in. in diaineler. This is very (dost' to six¬ 
teenths of an intdi and the liead oT a No. 2 [)in has ai>proximat(‘ly this 
diameter. Or, the lead of a medium soft lead pencil can he strippt'd 
for a half in(di iVom one (‘nd and inadt' of the' rt‘(iuii*ed size by the 
use of sand paper or ('({uivalent. Tliis wire or its e<iuival(‘nt should 
be fitted with propt'r weifj;’lds so as to weii*’li Yi lb. (4 oz.) avd. A 
(*ylinder of neat cement mortar mixed to the ('onsistemey dt'scrilxul 
above, IVs dianuder and 2% in. long’, will be very (dost^ to the 

re<piired weight. Such a (ylinder can be cuisily nuddtxl in a papt'r 
form rolled to the proptu* diameter, from a strip of paper of proptu- 
width. Secure anotlu'r wire or (^((uivalent, just om'-half tlie diametm* 
of the one above, and weight it with one pound. A (umumt cylinder 
2 in. in diameter and 2 in. long will havc^ this weight iipproximat(dy. 

The initial sedd^ is consideix'd as having taken pla(*.e wlum tlu^ 
surfa(*,e of the pat will support a lb. weight n^stitig upon the 
smooth flat (Uid of a 1/12 in. diametcu’ win^ or e((uival(*nt, atid the 
^Minal set^^ is considered as having taken place wlu'U the surfact's of 
the pat will support without appreciable indentation a I Ib. weiglit 
resting upon the smooth flat end of a 1/24 in. dianuder wire or 
cupii valent. 

If possible, a special set of (Hllmore needles should be secured and 
employtxl in t(‘sting. 

A simple test can be made l)y mixing some cement with just 
enough wat(»r to mak(‘ it plastic, (hat is, of normal consisttmey, and 
rolling it into lialls about the sizi' of a walnut. Hindi c(‘meni halls 
should he soft, pliable, and damp on the surface, and sliould not feud 
warm at the end of 20 minutes. (4‘ment failing in this is cpiick std- 
ting. Hindi cement ofttni becomes slow-scdting on Ixdng stonMl for 
several months. After the cmnent halls have s<d. in the air for iihoui 
two hours, place them under watcu* for tlircn^ or four days. If tiny 
gradually become Iiardc'in'd with no cracks, it is an indication of 
good cement. Any cc'nnmt that dot's not (uuhire this test at the mid 
of a week is not of sutlieit'nlly good ((uality to mnkt' Hatisfaciory work. 

As a rule, the louver it takc's tin* cmmmt to H(‘t tiie strongm* it 
will he. Tlie inspector should ngtnd any cenn'iit which fails to set 
properly in sample pais or balls. 

Constancy of Volnma.—Mold on chmn glass pieces iibout 4 in. 
square (glass is esstmlial) tlin*e pats of paste of thc^ consisti'iuy 
described above* and form into a flat circular cone about 3 in. in 
dianuder and Yj nt the center, with thin tapmaal edges, Tlie 

glass pit*c*eH with tln*ir pats sliould he covc'red with a damp eloth (the 
latter not allowcul to touch the cement) for 24 liours, after which one 
specimen should he placed in water as near 70" F, as possilde for 2H 
days, hc'ing ohstu’ved at intervals. 

Another glass with its pat should he hd’t in the air at ordinary 
temperature for a similar peudod and also <*xiuiuned at intervalH. 

A third sptwimc'n should he hoilcal for at h*nst buir hours, prefer¬ 
ably five Iiours, tin* water starting from its usual eool temperature. 
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A metal pail at least 6 in. in inside diameter should be used, the pail 
being provided with a loose cover (a board will do, unless the source 
of heat is an open hre). The glass should be supported above the 
bottom of the pail or vessel on a wire support or on a few small 
pebbles or pieces of brick. 

To pass the above tests satisfactorily, the pats should remain firm 
and hard, and show no signs of radial cracking around the edges, 
distortion or disintegration. If any cracks show on the edges, or 
other deviations from the original shape of the pat, they indicate 
that the cement is of an expansive nature, and therefore not to be 
trusted. But because a cement will not stand this test is not in all 
cases to be condemned as useless, as expansion or blowing sometimes 
happens with newly made cement, and age wiU overcome it. A 
proper process of air-slacking or seasoning—^placing it in a thin layer 
on a dry floor for a short time—may correct the defect. 

If a sample fails in the boiling test it is safe to hold the shipment 
for at least 28 days and then make a second determination upon a 
fresh sample. If the second sample passes the test it indicates that 
the first sample needed seasoning. If the second test fails and the 
strength test is low the shipment should be rejected. 

Blowing or cracks at edges of pats indicate free lime or magnesia. 
If lime is present, storage will improve the cement. Magnesia is 
injurious. Cement should invariably be rejected if the second sample 
pat (after a month or so seasoning) shows radiating cracks in the 
center, or shows blowholes on the surface, or curls up from the glass 
or cracks at the thin edges. 

A simple test for soundness of cement, or freedom from tendency 
to shrink or expand during setting, is to take a glass tube or an 
ordinary cylindrical lamp chimney and fill it for a certain distance 
with well compacted cement paste, marking the end of the flat sur¬ 
face. If the cement shrinks, it will show by the mark, and if it swells, 
it will break the glass tube or lamp chimney; also when the paste is 
hard if a colored liquid is poured on top and filters in between glass 
and cement it shows contraction. 

A modification of the above test consists in taking a lamp chimney 
with a large swell to it, standing it on end and filling it with dry 
cement and then pouring water on the cement. If the glass cracks, 
the cement is unfit for use in damp places. This test is very exacting 
and would condemn most cements on the market. 

Purity. —Provide a glass-stoppered bottle of muriatic acid, two 
shallow white bowls or two half-inch by six-inch test tubes, a glass 
rod and a pair of rubber gloves. Put in a bowl or a tube as much 
cement as can be taken on a five-cent piece; moisten it with 
half a teaspoonful of water; cover with clear muriatic acid poured 
slowly upon the cement while stirring it with the glass rod. Pure 
Portland cement will effervesce slightly and will give off some pun¬ 
gent gas and will gradually form a bright yellow jelly without any 
sediment. Powdered limestone or powdered cement-rocJc mixed with 
the pure cement will cause a violent effervescence, the acid boiling and 
giving off strong fumes until all the carbonate of lime has been con- 
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imecl, when the bright yellow jelly will form. Powdered sand or 
lartz or silica mixed with cement will produce no other effect than 
► remain undissolved as a sediment at the bottom of the yellow jelly, 
eject cement which has either of these adulterants. 

Eesults. —The above tests should be conclusive as far as they go^ 
id will cause the rejection of no good cements. 

LABOEATORY TESTS 

Should the simple field tests stated above give unsatisfactory or 
ispieious results, then a full series of tests should be carefully made 
^ professional inspectors on samples taken from the cement, either 
: the place of manufacture or on the work, in a manner analogous 
) that customary among engineers in the purchase of structural steel, 
one of the cement should be used until the report of the tests is 
jceived. 

The laboratory should be selected by or subject to the approval 
f the engineer in charge of the work. 

Sending Samples to the Laboratory. —Samples sent to the testing 
iboratory should be preserved in packages which thoroughly protect 
le cement from the atmosphere. No accurate results consistent with 
le quality of the cement as it exists in the barrel or bag at the time 
£ sampling will otherwise be possible. Each sample must be accom- 

nied by a manifest giving complete data of the same. 

Method of Making Tests. —Tests, in general, should be made in 
ecordance with the methods proposed by the Committee on Uniform 
ests of Cement of the American Society of Civil Engineers, pre- 
3nted to the Society January 21, 1903, and amended January 20, 
[)04, with all subsequent amendments thereto, except where otherwise 
oted or required by the engineer. (See also Art. 5.) 

Chemical Test. —A chemical analysis of tlie cement should account 
Dr at least 99 per cent of its component parts. 

Fineness of Grinding. —A test to ascertain the fineness of the 
ament should be made by thoroughly sifting a sample of the cement 
[irough a covered nest of sieves composed of No. 100 on top and a 
to. 200 sieve below, and then weighing the quantities of cement re¬ 
fined on each of the two sieves. Eineness of grinding is to a great 
xtent a direct measure of the cementing value, and with a well-burnt 
ement the high adhesive strength is developed by fine grinding that 
dll intensify the activity of the greater proportion of the cement in 
le processes of solution, hydration, and crystallization that are opera- 
Lve in the hardening. (See Art. 5, page 50.) 

Time of Setting. —A test to establish the setting time of cement 
hould be made by mixing the cement with sulficient water to make 

stiff paste and determining the time within which initial'’ set 
hould take place and the limits of time within which final" or 
^hard" set must occur. (See Art. 5, page 53.) 

Constancy of Volume or Soundness. —All cement must be constant 
a its volume, so that when the product once hardens it will retain its 

♦ City Roads and Pavements, by Wm. P. Judson, Engineering Nows Pub. 
o., 1002. 
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normal volume and not he subjtMd to initumal rt*aelii>n^, tendin': to 
cause a retrtJ^TCssioii in the stren.ulli of tht* ctmerete. I’lie dt«*iHi\o 
test of this property should lie, that pats (d‘ tteat etnnenl* made en a 
^iass plate and k(‘pt in a damp atmosplnn’t^ Ihr 24 hours, and atter- 
wairds imnuu'stal in ('old vvaiitn* or sul)jecU‘d tt* tin* aUmoNpliere uf the 
lahoratory, will not show any sh^'ns of warpiny ur eniekhir: at thi' 
ed^es, even after tlu‘ lapse of a eonsid(*rahlt' period, 'rids t(‘Nf may 
be accelerated by immersing:: tlie pats in a stc'am laith. (S(*e Art. o, 
page (il.) 

Tensile Strength.— Tests to ascertain the tensih* stnaielh td^ tin* 
(*enient should he made hotli of neat cement and by mixing (Uit* par! 
ot cement to three* parts ot* sand into hiit^mdu hit'll are to remain 
in the molds Tor 24 hours, and then to he* placed in wafer where tliey 
are to ho kept for p(*riods of d days, 27 days, htdii*^ broken at 
periods oC 24 hourSj 7 days, 28 days, etc., by testing maeliiiie. (See 
Art. 5, page 55.) 

Other Tests.— Specitl(», gravity test (sia* pagt* 51) ,h1iou!«I hv ^iilo 
stituted for that of ilui weight of emueni, as weight is iu» indieation 
of (luality. Tests of compression (set* page Vitl} and iidiie:-.io!i are 
sometinu*H added. 

Results of Tests.— The results cd* the t-ests made in the lahoriiUiry 
should he a<*c(‘pli*d as a linal eritmitm for the aeeeplaiice or rrjeelion 
of any partieular shipment of eemenl. 

Records.—Hlank forms slunild he used for recording all feats ami 
notations should hi' adopUal to show* for modi test tiail flic ei'fitriif 
pasH(‘d or faih'd or tliat the lest was not iiimh*. ,\o inference .tdoiiild 
be drawn from the lack of any entry otlier than that the recorder tins 
neglected his duty. 

Marking Rejected Packages.--- After the report of the festf4 is 
receivc'd the rejeet(*d package's Hhonld he eo!ogdciioie4> iniiiked wifli 
an or a and should he removed witlioiif delay; otherwise 

it is liable to l»o used. 

MILL INSPECTION AND TESTS 

When so reepdred by tlu' (Uiuineer, the eeineiit may he iimpecteil 
and tested at the place where the wune is being iiifiiiiiffielined or 
stored, and htdore it is shippc'd for deli\(*ry, 

Buper^sion of Tests. The cenegit hhonld lie te'.iial in thi^ pre*. 
ence of and under tlie din'clion of iht* eimineer or Id'i uiiflinii/i d 
representative and in accordance with tlie Hpeeitlciiiioii?, m iiiti'rprefe*! 
by the emritu'er. 

Records at Disposal of Engineer.*— -All reciirilM kept liv lite iimiiii 
facturer and which ri'late to IIh' miiftefH stihjeci to iii«p*'ctioii ulioidd 
at all times be at the dispoMiiU iKitii for referi*iiee nr ctipy. of tlio 

engitieer. 

Scope of MiU Inspection.— '■Inspection may be reiftiircd iit the din 
eretion of the engineer of the (fimntities of flm ntw iiiiiferiul n^rd in 
the^ mixture, tin* preparation of raw miiterial for citicdiiitiii, tlie eiil 
eining, the selection of clinkers for gnndhii:, the grimliiig. flie idoiiiim 
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the barrels before paekini>', ilu‘ l)arr(‘lin‘'', (lie making' of the barrels, 
the weight vi' (hi‘ barrels rt'ady for delivery, iuid (he loadii^a* and 
shipiueiU. 

Scope of Mill Tests."— Ti‘s(s may l>e reijuired (o made to estab¬ 
lish the idmitity and (diemiiad eharaeieristies of (he raw materials 
used, of ilu‘ dt\e'r(*(‘ <d‘ heat ri‘aehed in ('aleinin*;', of tdie (dumiieal ehar- 
aet(‘ris(ies of ilu‘ (inished eeimmt, (imau'ss ol‘^'riudini;', speeide jj;’ravit\% 
sidtin^- (pialities, <*onstauey or soundm^ss of voliums and, last but not 
least, oi' il,s imisih‘ siren.alh. Thc‘ tests should eon form to th(‘ stand¬ 
ard re(iuir(‘m(Mits proposcul by the (’ommittee on Uniform Tests of 
Uennmt of the' Ameritain Soeiety of Uivil Hn^im^ers, as stated above 
for iabora(ory tests. {See Art. 5.) 

Test Samples. Tlu' eimumt to lie testcul at the mill may be taken 
from tin* bins Indore barreding’ or from the eimumt after barrelinic, 
this bein«»‘ hd‘t (Uilirtdy to the dism’idiou of thc'. en.u'iiUHU’. 

Eoutine of Mill Inspection.- The routim^ of mill inspection will 
consist oi' tlu' mauufa(diu*<‘r furnishin*'' the ccmient in bulk or pack- 
afre» at option of the en.idntHu*, in sutlieimit tiim* and (|uaniiti(‘S to 
pmanit all t(*sts bm’ni^ ptud'ormed Indore tlu^ (uummi will be i*e(iuired 
for shipuamt. 

Cement Furnished in Bulk.— If eemcmt is furnished in bulk, 
arrnnpmients should 1 h‘ niadt' whi(di will pmanil of siamrini^ a samplt^ 
salisfaetory to the inspmdor. Provisions sliould also be made for 
sealimjc (lie spouts hnulimr ami from tin* bins sampled. 

Cement Sampled After Being Backed.- If tlu^ eemumi is samphul 
after bidtifr paeked, eaeii paekaue should b(‘ plainly marked liy (lu^ 
inspector for (he purpusc' of hhmtiiicatiou, and should be so sionul 
that it uill 1 h‘ possifdi' to obtain the pacdimi:'(‘s repremmtcul by any one 
samph' without it Indue neci'ssary to iuuulh‘ othei's. 

Sotting Aside Special Bins. Tin* eiunent may be stonul in bins B(‘t 
asi<le for tin* ime of tii<‘ purclmsiu*. In cast* the manufneturer of 
ecment has md. the m‘ccssary facilities for setlinir asidi' spt'cial liins 
for this purpose* until (he time of shipimuit, samph's may be takem 
while tile coincnt is Indiu^^ patdved, in whiedi case the packag(‘H should 
hc^ seaiiHi inimmlintcdy arteiwvards, 

Storing, Sampling and Shipping.— All details of storing, sampling 
and shipping must In* smdi ns w'ill mmd the approval of tlu^ erngiruau' 
or the inspects*. Wlicn accj^ptcd cement is packed rtuidy for ship- 
immt, each piudiagc tif cemmd should he Henhal by tlie inspeetor with 
a leaden seal for ideniith-ation. In some easeH, it is cuHtomary for 
(he <dty or rnilroml eompauy to furnish the huidmi hcuiIh. The a<ldi« 
tionul e\*pt*nse of I Ids sealhur is insigiiifleunt and should be reiiuired 
on any impmianl piece c»f construction. 

In order to guartl against sulistitutiouB in trauKit, the ceimmt 
should invariatdy he loiultal under tin* eye of tlu' mill inspeetor and 
ilu* car may be sealeil by Idm or the* shipment otlierwisi* markcal by 
him in sueli a manner that any lampmdnir with tlic' individual pack- 
turcH or witli the shipment iih a whole ean he easily <leteefed, Notiee 
of eacIi hliipiiient am! a record of all identifying data should be for^ 
warded to lire enginc<*r or to tlie inspector on the job. It will be the 
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duty of tlio job iiis|)(Hdor (o nuiko iluif the shipuuuit iiH 

(*orr(‘sp(Uids iu ovco'y purlioular vutb tlio tlostodptiou fur- 
nisluMl by tlu‘ mill iuspocfor, 

Eejection of Accepted Cement.— In ease* vimwni is aucoptta! on 
tests uia(i(‘ on sainpb‘s taken at tlie mill, it should be inuuedialely 
rej{‘(ded t>ti its ai*rival at tlie \vork if it shews any siuns of dumaf^e 
fi’tnu moisture or other enus(‘s. In <*as(^ paekaires alr(*adv seul*‘d are 
rejeefed, the seals should be imnualiatcdy removiul by the inaiuifae* 
turer or pundtaser of the (annent wluni of rc*ji»etion bus liemt 

r(‘e(‘ived by Iiim. 

Field lEspection.—I n eas(‘s wh(n*(' spcudal eonditions make inspee- 
ti<»n at tlu‘ plae<' of manufa<dur(‘ impraeti(*able, iusptadion at the job 
may Ih^ suh'stituted, sitbjeet, how(*v<n*. tc^ tlie approval uf the enjrineinv 
Field inspeedion lias lieen diseussed on paire 2B. 


ACCEPTANCE EEQUIEEMBNTS 

No eenumt shouhl Ih^ usml in Ihc' work until it has bmm aeet^pted 
by the tuinim‘er. Tin* rcMpuremeiits to be fultiiled liy tin* eenanit in 
order to be aeet^pfable for eonsfruetion work are slatetl in Art. 4. 

Additional Eeqnirements and Modifications.'--AII eenumt slumid !»e 
reipured tc» meet Hueh udilitioiial napiinmumls as to *‘!iot water/' 
ntni ^‘ehemieal” t«‘sts, as the* enyiiieer may tieem afivisiible. 
Tiu* recpuremeiits fc»r ^/set” may be moditied whi*re <»on<Iitituis are 
Hueli as to make it advisahh^ (sei* pag'e 4HK In tdlier uord>. In addi 
lion the usual h*Hts, all e(*mt*nt furnislieti for tin* w<>rk slumid bi^ 
Hubjeet to suidi of tier tt*sts as may Ih* neeessary to determine wlirtlier 
tin* eement pt>sHi*sseH the proper (puilities for the partieular wnirk for 
wfiieh it is designated, (See page 4H.) 

Extended Tests.- The etnrineer may direet that testn lie tiiiide, 
from tinu* to time, of teiisiU* Hlri*rurth and sttiindtiess, exlenditie mrr 
lonmn* periiais than 2H days. If ('(‘merit ho tested shows a reditefimi 
of str(»ngth with iiierenstui am*, or at any time fails in respt*(’t to 
Koundm»ss, flu* enginef*!* may prohibit the future usi* of that liiitiul 
of (‘(‘meiit and recfuin* that anot!i(*r brand In* siilwlitutml, 

Eejection of Accepted Cement.— Tin* find that retnent is mithfm*- 
lory when l(*sted in no indieiitifui that it will eonfimie to he. tiimee 
cement wldcdi is not uh(*« 1 for some* time after ti'sl mbould la* tested 
mrain. if then* is any pos?*ildHtv that damp weal her or other fiietom 
have idbuded its Hoiindness. Marked d(*viation from uniform or eliitr- 
aid eristic' result h in tests may Ih* (‘onHidenal (’iitise for rejetdioii of iiiiy 
lot of ('(‘meiit, (*ven though tin* tt‘Ht r(*(|iiirein«*iits may oth<*rwiii«* ]m 
fulfilled. 


Art. 4.’—Test Eequirements for OemeEt 

Tin* matter eontaiiua! in tliis nrtird** Ims bf*eii takmi largely fruiii 
ilu* autlior'H hook «»ti **(*ein(*nt Kp(»(*ifi(*iifioiis/* |itildishe<l by IK Van 
Nostraml (’ompany. New York City. 
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All tests should be made in accordance with the methods x^ro- 
posed by the Committee on Uniform Tests of Cement of the American 
Society of Civil En^'ineers, presented to the Society January 21, 
1903, and amended January 20, 1904, and January 14, 1908, with all 
subsequent amendments thereto. (See also Art. 5, page 49.) 

rineness. —In each of the following requirements for fineness, it 
is assumed that thoroughly dried sieves are used. 

Specific Gravity. —Specific gravity of cement may be used as an 
aid in detecting adulteration or underburning, but it is not neces¬ 
sarily conclusive as an indication of the quality of a cement. 

Time of Setting or Setting Qualities. —The following requirements 
cover the time within which ^UnitiaU^ set should take place and the 
limits of time within which ^^finaU^ or set should occur. 

Slow-setting cements should not materially increase in temperature 
during setting, whereas with quick-setting* cements a marked increase 
IS permissible. 

Tensile Strength. —Cement which shows abnormally high strength 
on the one-day or seven-day tests may be regarded as unreliable, and 
therefore may be rejected. Cement must not be used unless it has 
satisfactorily passed the seven-day tests, but in case of failure it may 
be held for the I’esult of the twenty-eight-day tests before being 
finally accepted or rejected. 

Constancy of Volume or Soundness. —Cement should have the same 
constancy of volume in air as under water. Hence it must be tested 
under both conditions, except for Puzzolan cement, which must be 
tested for soundness under water. Tests should therefore be made 
on at least two pats or cakes of neat cement, prepared on a glass 
plate and kept in a damp atmosphere for twenty-four hours, and 
afterwards one of the pats immersed in water and the other kept in 
air at normal temperature. 

Should the sample fail to pass the hot-water test, the engineer 
should either reject the lot or order a retest, or subject the sample 
to chemical analysis in order to determine whether the failure to 
pass the hot-water test wurs occasioned by free lime or other deleteri¬ 
ous conditions. The engineer may withhold his approval until after 
the result of the twenty-eight-day test of the cake in cold water can 
be observed, or he may order a new boiling test from new samples 
drawn from the same lot, but from different packages. If the twenty- 
eight-day cold-water test or the second boiling test is unsatisfactory, 
the lot must be rejected. (See page 347.) 

PORTLAND CEMENT 

The quality of Portland cement depends upon the quality of the 
argillaceous limestones, or calcareous clays, or carbonate of lime and 
clay, their proportion in the mixture, the degree to which the mixture 
is burnt, the fineness to which it is ground, and the constant and 
scientific supervision of all the details of manufacture. 

A cement that possesses the following properties may be conskU 
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ered a fair sample of Poriland etaiuaii and would he suitable for any 
class of work. 

Fineness of Grinding.--- A11 e(un(‘nt must be (iiudy ground, so I hat 
100 per ecuit shall be passtal thnmgh a si(‘ve of 20x20 nu^slu's ])er 
square inch. 

At least 00 pen* e(mt should pass through a si(*v(‘ of oOxoO nu‘shes 
per S(iuare itudi. 

At least J)2 per cent should pass through a sieve of 100x100 inesht^s 
per square inch. 

At least 7d pen* cent should pass llirough a sieve of 200x200 nieslu*s 
per square incdi. 

Specific Gravity.— The spend tie gravity of the eemcuit, tlu'rottghly 
dried at 100® C.| should not be less than three and t(m one hundriHlths 
(3.10), preferably between 3.12 and 3.25. 

Time of Setting.— The time of s(diing may be determined with 
neat cement paste of normal eonsisbmey by the Vieat mnnlh^ (sec^ 
Fig. 3). The setting should not cornnumei' betbre thirty (30) min¬ 
utes, nor terminate in less than one (1) hour nor more than tem ( UU 
hours. For slow-s(dtijig eemsent, the initial .set siiouhl ocenr in m>t 
less than one hour. 

Tensile Strength.— Brhjuettes om* (1) s<|uare ineh in cross-seet imu 
made of normal consist^mey and kc‘j>t twcmty-foiir (24) hours in 
moist air, and the nuuniniug tirtie in water at normal tempeumtare, 
+70® F., should show at least the following strength as <iet(*r- 
mined from an average of five spcHunums: 


(a) Neat Cement 

A^e. EtrrnffOh 

24 hours in moist air...... 175 IIh. 

7 days (1 day in moist air, 0 days in water). 450 lbs. 

28 days (1 day in moist air, 27 days in water).... 550 lbs. 

(b) One Fart Cement, Three Farts Standard Sand 

Age, Strength, 

7 days (1 day in moist air, 0 days in water).. 150 Ilw. 

28 days (1 day in moist air, 27 days in water). 250 lbs. 

(c) One Fart Cement, Three Farts Sand 

Age, Strength, 

7 days (1 day in moist air, 0 days in water)........_ 110 lbs. 

28 days (1 day in moist air, 27 days in water). I HO llw. 


The sand for t(*Ht (b) slumld bc‘ standard sand, whieii 

should pass a 20x20 mesh sitnu^ and Ije retaimal on a 30x30 mt^sli sim'e. 

Tlie sand for test (e) should he taken by the (uiginec^r or inspeettu' 
from that used on the work and is infcmd<»d as a t(‘st of tlie mortar. 

Failure of Briauetteg to Fass Tests. -Should tlu^ hriffuettes frt»m 
a slow-setting cemcmt fail, !)y a slight amount, to pass the twenty-f<tur 
(24) hour or sevem (7) tlay regfuirements for neat cement only, the 
lot in questi(m should be lield awaiting the results of the twenty- 
eight (28) day bricjuettes. Rhonld tlie results of the seven (7) day 
teats on both neat and mortar bricjuettes fall bedow tlie requireinentM 
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statod above, the slilpinont should be rejected. If the strength ot‘ the 
twenty-eight (2S) day mortar brhiueties on a lot held awaiting the 
results oL‘ tlie twenty-eight (28) day neat briquettes does to show at 
least a ten per cent increase over llie strength shown by the seven (7) 
day mortar brhiiiettes, the lot should be rejected, even if the biiquettes 
show a strength as herein stated. 

Constancy of Volnme or Soundness.—Circular pats of neat cement 
paste three (d) indies in diameter, one-half inch thick at the 
center and tafiering to a thin edge, should be kept in moist air for 
twenty-four (24) hours. 

(a) A pat should be kept in air at normal temperature for 
twenty-eight (28) days. 

(b) Allot lier ])at should be kept in water maintained as near 70° 
F., as practicable for twenty-eight (28) days. 

(c) A third pat should be exposed to steam above boiling water 
in a loosely closiul vessel for five (5) hours. 

To pass the n^ciuireuu'iits, these ])ats should remain firm and hard, 
and show no signs of distortion, chec'king, cracking, discoloration or 
disintegration. In other words, pats left in the air or placed in water 
should during or aftm- setting show neither expansion nor contraction, 
either by the apiamrance of cracks or change of form. 

Failure of Pats to Pass Tests for Soundness.—In case the pats 
exposiul to stiaim, on a lot of cement otherwise satisfactory, show 
signs of failure, two more pats should he made. If one of the extra 
pats fails after exposure to steam the lot should he In'ld for twenty- 
eight days and resanqiled. If both of the additional pats are sound 
liu‘ lot may he acceptiMl. In case a lot is held for resampling at the 
end of twenty-eight days because of failure of IIh^ stxuim pats, the lot 
should pass evc^ry r(‘<|uirement on the second sampling or it should 
be immediately nqc'Cted. 

In case the iioianal pats on a lot of cement held awaiting the 
r(‘sults of the twenty-eight (28) day hriciiudtes show signs of dis¬ 
integration, the lot should be rejected, even if it passes the other 
reijuirenumts, 

Chemical Composition.—Tlie cement should not contaixi more than 
one and seventy-five one-lnmdredths pm* cent (1.7594) of sulplmric 
anhydride* or anhydrous Hulphuric acid (SO.j), nor more than 1‘our per 
cent (d94) of magnesia (MgO). It must also contain no adulteration 
nor (*xc(‘sH of ingr<nli(»nts which wouhl rendm' it until for use in 
the work. 

The chemical composition of the cement should also he within the 
following limits: 

Silica, 21 to 24%. 

Alumina, 5 to 10%. 

Iron oxide*, 2 to 4%. 

Linu‘, 00 to 05%. 

Alkalies, not more than 3%, 

(lay, 5 to 894. 

Loss by calcination, carbonic acid and water, not more than 2^2%- 
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INSPECTION OF HYDRAULIC CEMENT 


Microscopic Test. —The cement should show no signs of the pres¬ 
ence of detrimental amount uncombined magnesia as indicated by the 
microscopic test. 

Color. —The color should be a uniform bluish or greenish gray, 
free from yellow or brown particles. Blue cheeks or places indicate 
an excess of lime; dark green, a large percentage of iron; brown, an 
excess of clay. Yellow checks or places indicate an excess of clay or 
that the cement has not been sufficiently burned; and it is then prob¬ 
ably a quick-setting cement of low specific gravity and deficient 
strength. (See page 30.) 

NATURAL CEMENT 

The Natural cements have a porous, globular texture. They do not 
heat up nor swell sensibly when mixed with water. They set quickly 
in air, but harden slowly under water, without shrinking, and attain 
great strength with well-developed adhesive force. 

Fineness of Grinding. —Natural cement should be finely ground, so 
that not more than ten per cent (10%) by weight shall remain on a 
sieve of 100 meshes per lineal inch, made of No. 40 wire, Stubbs’ 
gauge, and thirty per cent (30%) on a sieve of 200 meshes per 
lineal inch. 

Specific Gravity. —The specific gravity of the cement, thoroughly 
dried at 100° C., should not be less than two and eight-tenths (2.8). 

Time of Setting. —The time of initial set” should not occur in 
less than ten (10) minutes, and it should reach its final or hard set” 
in not less than thirty (30) minutes, or in more than three (3) hours. 
The time of setting may be determined by means of the Vicat needle 
(see Fig. 3) from pastes of neat cement of normal consistency, the 
temperature being between 60° and 70° F. 

Tensile Strength. —Briquettes of cement, with one (1) square inch 
of cross-section, should develop the following ultimate tensile strength 
as determined from an average of five specimens. 


Neat Cement 

^9^- Strength. 

24 hours in moist air. 75 lbs. 

7 days (1 day in moist air, 6 days in water). 150 lbs. 

28 days (1 day in moist.air, 27 days in water). 250 lbs. 

One Part Cement, Two Parts Standard Sand 

^0^- Strength. 

7 days (1 day in moist air, 6 days in water). 120 lbs. 

28 days (1 day in moist air, 27 days in water). 175 lbs. 

One Part Cement, Three Parts Standard Sand 

^9^- Strength. 

7 days (1 day in moist air, 6 days in water). 50 lbs. 

28 days (1 day in moist air, 27 days in water!.110 lbs. 


For all tests with sand, standard quartz sand, which will pass a 
No. 20 sieve and remain on a No. 30 sieve, should be used. 
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Constancy of Volume or Soundness.— Circular pats of neat cctuent 
paste tlii’ec (3) iiiehes in dianieier, oue-Iuilf (V^) inch iliiek at the 
center and taperiu^’ to a lliin edge, sliould be kept in moist air for 
twenty-four (24) liours. 

(a) A [)at should be kept in air at normal temperature for 
tweuty-eii>hl (28) days. 

(b) Auotluu’ pat should be kept in water niaiidaim'd as near 70® 
F. as practicable for iweuty-eii^ht (28) days. 

Tliese pals should remain tirm and hard, anti slu)w no signs ol' 
distoriit)!!, checking*, cracking, discoloration or disiiilegralion after 
twenty-tdght days in eitluu* air or water. 

Boiling Test.— A boiling test may also be made by mixing pats as 
above, placing them at once in cold water, i-aising the temperature of 
the water to boiling in about an hour, continuing boiling for three 
hours, then (‘xaminiug For checking and soFltming. 

Color. —Nat urn I cements vary in color From light to dark brown, 
according to the eharaeter (d‘ the stouts From which they are made. 
The color, howc'ver, giv('S no ('hie to tlu' c('mentilions value, since it is 
diK' chi(‘lly to oxidc's oF iron and manganese which hear no direct 
relation to the e('mi‘niing prop(‘rti(‘s. A very light color generally 
indicates an interior iinderburued cement. 

PXTZ5^.0LAN OB SLAG CEMENT 

Fineness of Grinding.—lk'nu'nt must b(‘. tinely ground, so that at 
Imisi ninety-seven per cent (DTc^ ) shall })ass through a sieve of lOOx 
100 m(‘slu‘s per scjuare inch made oF No. 40 win', 8ilnb!)s’ gauge. 

Specific Gravity. —The specific gravity oF the ci'mt'nt, thoroughly 
dried at 100" (\. should be l)el\ve(‘n 2.7 and 2.8. 

Time of Setting.—The tinu' oF ^‘initial sc't’^ should not oecvir in 
1(‘SH than Forty-live (45) minutes, and should acipiire its 'Minal set^’ 
in ten (10) hours. The. time oF setting may be determined by means 
oF tlie \4cat mu'dle (see Fig. 5) From past<‘s <d‘ mmt cmiu'ut of normal 
consist(uiey, the i(mip(‘rature bi'ing Ix'lwi'en (JO" and 70" F. 

Tensile Strcngth.— BrhiiHdtes oF ('(ummt, with one (1) S(|uare inch 
oF crosH-s(‘ction, should (h'vcdop the following ultimate tensile slrengtli 
as dcti'rmined from an av(‘rag(‘ oF live speeimeus. 


. Neat Cement 

Slrcmjlh, 

7 days (1 day in tnoist air, 0 days in wa(er). 350 lbs. 

days (I day in moist air, 27 days in water). 500 lbs. 

One Part Cement, Three Parts Standard Sand 

Afff. Hlrcuj/fh. 

7 (lays (1 day in moist air, 0 days in wal('r).130 lbs. 

28 (lays (1 day in moist air, 27 days in water)... 220 lbs. 


For all tests with sand, standard (|nartz sand, wliich will pass a 
No. 20 si(‘ve and remain on a No. 30 siev(‘, should lie used. 
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INSPECTION OF HYDEAULIC CEMENT 


Constancy of Volume or Soundness.—Circular pats of neat cement 
paste three (3) inches in diameter, one-half {Yj,) thick at the 

center and tapering to a thin edge, placed on a glass plate, should not 
show any signs of warping or cracking after iweniy-eiglit (2S) 
in water. 

SILICA CEMENT OR SAND CEMENT 

Silica cement or sand cement is a finely pulverized product I'csult- 
ing from the grinding together of silica or clean sand and .Poidlaiul 
cement. 

Test Requirements.—In all eases, the cement from which the 
product is made should be tested precisely as other cement. 

ADDITIONAL REQUIREMENTS 

Time of Setting.—The requirements for setting, as above stated, 
may be modified where the conditions of the work are such as to 
make it advisable. 

Briquettes Subjected to Boiling Test.—If so required by the engi¬ 
neer, pieces of briquettes broken in tension tests of Portland cement, 
either neat or mortar, must remain hard and sound after the same 
exposure to steam or boiling water as stated for the pats or cakes. 

SPECIAL REQUIREMENTS (QUICK-SETTING PORTLAND CEMENT) 

A quick-setting Portland cement may sometimes be required for 
pipe joints or elsewhere. It should meet the following special require¬ 
ments, all other requirements being the same as for ordinary Portland 
cement. (See page 43.) 

Time of Setting.—^It should require not less than fifteen (15) 
minutes nor more than thirty (30) minules to develop initial set, and 
not over one (1) hour and thirty (30) minutes to develop final set- 
under the normal conditions mentioned above. 

Tensile Strength.—Tensile strength of neat cement should not be 


less than 

24 hours (in water after hard set).100 Ihs. per sq. in. 

7 days (1 day in air, 6 days in water).300 lbs. per sq. in. 

28 days (1 day in air, 27 days in water).450 lbs. per sq. in. 


CEMENT USED IN SEA WATER 

When cement is intended for concrete to he deposited under water 
it should be first subjected to the following test: 

Setting Qualities.—Mix a small batch (about one cubic foot) of 
concrete of the proportion to be used in the work, and deposit it in a 
barrel of the water in which the proposed structure is to be built. 
If the concrete does not ^^set up” in a satisfactory manner the cement 
should be rejected. (See page 127.) 

Testing Briquettes.—^Briquettes left in molds and placed in water 
immediately after mixing must harden satisfactorily, so as to prove 
the fitness of the cement for setting under water. This test may bo 
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made a eonipanitive one by pitting' the e.enient t(‘sl(‘(l airiiinst hratulsj 
ot‘ established rt‘puialion. Any eenieni not liardcniiii;;* ninler watc'r to 
the entire satisfaelion oL‘ tlie engineer shoultl be immediately reje(*ted. 


Art. 5—Standard Methods of Testing Cement 

The matt(n' etmtained in this artiei(‘ has binm tak(‘U largc'Iy from 
tlie antlior’s l)o()k on 'Akanent Spcadheations,’^ published by D. \'an 
Host rand Company, New York City. 

GENEKAL KEQ0IEEMENTS 

All tests should be made in aeeor<lanet‘ with the imdluKls pr(»posc*d 
by the Committt‘e on Cnirorm Ik'sts of Cenuait ol* tin* Amoii('an 
Society of (’ivil Mugineiu’s, present(‘d to th(‘ So<d(‘ty tlanuary 21, ItlOd, 
amtmded January 20, 1004, .January 14, lOOH, ami January 17, 1012, 
with all subsecjuent anuuidnuuits tluu’eto. 

Sampling Cement. Tlu' sampling shouhl dt‘p(uid upon tlu‘ purpose 
Tor whi<4i tin* t<‘sls ar<‘ nuuUs and upon th(‘ previous t(‘sts that have 
b(‘en nuide with ih<‘ sanu' (nuiumt. Samph‘s should lu' taken frcun 
dillerent paekag(‘s of each shipnumt, ami as man* as possible' out t»f 
the middle' of the barrel (u* bag. (Sec' Art. J, pag(' 21.) 

Screening Samples.-’ All sarnph's shouhl pass(‘d through a sic've 
having twt'Uty nu'sht's per lineal inch, in order to break up lumps and 
remove foreign material. 

Temperature.— All experinu'uts slnudd In* earrital on, as nearly as 
possibh', at a uniform t('inperaturt^ of tio*’ K., (‘X(*c‘pt wlu'n tests aia^ 
being made' for tin* purpose of aseertainiug tln^ <’oinpnrative strtmgth 
of et'nu'uts najuinal for wintt'r us(*. In otlu'r words, t(»stH of (*t'in(*nt 
should be.made at a tt'iiipt'rature of from 00" to 70" F. The temp('ra- 
tun* of the* watf'r am! of tJn^ room in wbieh tin* tc^.sl pi<‘ec‘H ar(' made 
and test<‘d slnudd md b(' pt'rniitted to fall below 00" F. 

Proportions, All propculicum shouhl be*. <U'iermined by w<*ight, as 
this is th(‘ most aeeurate method. 

Water. <)i*dinary frt'sli, eh*an wat(*r having a tc'mperatun* betwc'(*n 
(50" and 70" F. shouhl be used for the mixture* ami itnun'i’nion of all 
test pieec'H or samph'.s, unless tin* nature of the ti'.sts re([uir('. that sea 
watc‘r b(* <*mph»yecl. 

Eecord of Tests. Tin* tempi'ratun* of tin* air and (d’ the water 
UHC‘<1 in mixing should l)e nottnl in tlie r(*eord of ti'sts. Tin* ladalivi^ 
humidity cd* tin* air should also In' obHc'rv(*d ami reeon!e<k In evtTy 
ease the <|niintity of water uscnl in mixing slnudd be stated in the 
n'port, 

OHEMICAL ANALYSIS 

<1iemieal tests may la* appUetl at the diseri'tion of tlu^ (»ngin('er, 
ami Hlnmhl pass tlu^ same to liis satisfaelion. Ail of tlie ehumuits 
found shouhl be indieatefl, without grouping, in Iht' record <d’ pro» 
eec‘dings (d' the operation. 

Method.- As a nieflnNl to be hdlowtnl for tin* analysis id’ ef‘m<*nt, 
that proposed by the I’ommittee on Cniformity iii the Analysis of 
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Materials for the Portland Cement Industry, of the New liork Section 
of the Society for Chemical Industiy, reported in the Journal of the 
Society, Yol. 21, p. 12, 1902, and published in Engineering News, 
Vol. 50, p. 00, 1903, and in Engineering Record, Yol. 48, p. 49, 1003, 
should be followed, and in addition thereto the following: 

^'The insoluble residue may be determined as follows: To a 1-gram 
sample of the cement are added 30 cu. cm. of water and 10 cu. cm. 
of concentrated hydrochloric acid, and then warmed until the effer¬ 
vescence ceases, and digested on a steam bath until dissolved. The 
residue is filtered, washed with hot \vater, and the filter paper and 
contents digested on the steam bath in a 5 per cent solution of sodium 
carbonate. This residue is filtered, washed with hot water, then with 
hot hydrochloric acid, and finally with hot water, and then ignited 
at a red heat and weighed- The quantity so obtained is the insoluble 
residue.” 

To determine loss on ignition see Transactions, American Society 
Civil Engineers, Yol. LXXY, p. 676, Dec., 1912; also, Method Sug¬ 
gested for the Analysis of Portland Cement by the Committee on 
Uniformity in Technical Analysis, New York Section, Society for 
Chemical Industry, which, in addition to being found in the Journal 
of the Society, Engineering News, and Engineering Record, as stated 
above, may be found in the following works: 

Hand-book for Cement Users, by Charles C. Brown, pp. 54-58. 
Published by Munic. Eng. Co., Indianapolis, 1905. 

Cement and Concrete, by Louis Carlton Sabin, C. E., pp. 658-62, 
2d edition, 1907. McGraw Pub. Co., New York City. 

Circular of the Bureau of Standards, No. 33, United States 
Government specification for Portland cement, issued May 1, 1912. 
Department of Commerce and Labor. 

A Treatise on Cement Specifications, by Jerome Cochran, C. E., 
pp. 77-81. D. Yan Nostrand Co., New York City, 1912. 

FINENESS OF GRINDINa 

The test for fineness is made by passing the cement through sieves 
of various meshes and measuring the residue retained in each. Those 
known as No. 100 and No. 200 sieves are the ones recommended by the 
Committee of the American Society of Civil Engineers, and should be 
used in determining the degree of pulverization of the cement. Some¬ 
times a No. 50 sieve is used, but not often. 

Sieves.—The sieves should be circular, about 20 cm. (7.87 in.) in 
diameter, 6 cm. (2.36 in.) high, and provided with a pan 5 cm. (1.97 
in.) deep, and a cover. The sieves should be of brass wire having the 
following diameters: No. 100, 0.0045 in.; No. 200, 0.0022 in. The 
brass wire should be mounted on the frames without distortion. The 
mesh should be regular in spacing and be within the following limits: 
No. 100, 96 to 101 meshes to the linear inch; No. 200, 190 to 200 
meshes to the linear inch. 

Amount of Cement to Be Used.— Fifty grams (1.76 oz.) or 100 

grams (3.52 oz.) should be used for each determination, the sample 
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I)einK earerully drictl at a U*nii)eratuiv of 100'' (’. (212** I^’.) prior ttj 
sieving’. 

Hand Sieving.—Tlie ilu)rou.a‘lily dried and eoarsely Heretaual saniide 
oL‘ cenieiii should be weia’lied and [)laet*d ou tlu‘ No. 2(H) si(‘Vts \vlii(dp 
with pail and eover aitaelied, sliould be lield in one hand in a sli^idly 
inelined 'position, and mixed forward and baekward, at the same tinu' 
strikin^a’ the sid(‘ aently with tin* palm of ih(‘ other hand, at the rat(‘ 
of al)out 200 s(rok(‘s per minute. Tht‘ opiu’ation should bt* eontiinu‘d 
until not more than (me»>tenUi of 1 per (amt pass(‘s thronah after om* 
minute of (amtinuous sieving. The residue should then be weialual and 
plaeed on the No. 100 sieve and the operjition repeatial. Some sptadrn 
eations recpiire that the shaking Ih‘ (a)ntinu(al until no (amient is seen 
to fall upon a sheet of whit(‘ paper luOd ludow the sie.ve. In other 
words, th(‘ shaking should eontiniu' tiniil no more passi‘s through. 

Mechanical Sifter.— A mcadianical sifter, workiu**: automatieally liy 
ji<*; motion, may be usial instead of hand sit*vin;Li'. Many engineers 
ar(^ opposed to nuadmifnad sli^vin^’, iVedin^ that it is not as praeti- 
eabl(‘ or ellieitml as hand si(»vinir. A i^mmt (hail depemds upon the 
kind of meehanieal siftm* used. 

Examination of Sieves.— The siiwes sliouId be frecpumlly examined, 
nm^iutiiHl, if praetieahle, to stm that no wires are displaced, haivinir 
apertunm lar^mr than the normal. They should also be k(‘pt ihor 
ou^’hly dry and ehmu. 

Use of Shot or Small Weights.-— -Tlie introduetion of small wf^iKhts 
or of large shot into the (amient, while bc‘ing si ft cal, is to hc' dt'pn’ 
eat(Ml, as th(\v tend to push an undn(‘ proportion of tin* e<*mtmt through 
the nu‘sh, to sti*eteh tin* wir(‘s, and to inen^ase the fgrinding. Tin* 
(k>mnutt(H‘ of tlu^ Anuu'iean Soeitdy of (hvil hhigimHu’s nammmeunK 
hand sifting with a IVw large Htt‘el shot, which should be removcal 
before the final om* of HU'ving, 

Percentage of Fineness.- Tlu' wedght of the matiU'ial passing llie 
siev<‘, pins tlie W(ue:ht of tin* dusf lost in air, (*xpress(*d in hiuidredths 
of th(' original w(ught, will expr(‘ss tin* p(‘re(*ntiig(* of fiu(*ness. In 
ordc'r to (l(*t(*rmin(* this pc'i’centam* fin* r(‘sidm* on tin* hi(‘ve mu.st bo 
w(‘n,dH*d, Tin* r(‘sultH Hliould la* r(‘port(*d to tin* u(‘ar(*st tenth of I 
per cent. 

SPEOmO aEAVIXY 

The t(*Ht for Hpe(dti(*, gravity is madc^ by weighing a given volume* 
in air and noting Uie loss of W(*igld wlu*u imnn’rscnl in a Ihjuid <jf 
known spe(*iii(^ gravity, sueh as b(*iizine, ker<»M*iu*, alcohol or tur 
pentine, wliich doc's not act on tin* ("(‘ment; or by using a special 
spocillc gravity balama* or a sp(*citic gravity boith*. 

The sarnph* should la* car(‘fidly dri(*d !a*forc the di‘tt‘rmintition m 
made. Inasmucli as tin* diHVr(*ncc‘H in spci'itlc gravity are iiHually 
very small, grt*a! cart* must he cxercisiul hi making tin* dt*termination. 
The (l(*t(*ririnati«tn of stiecith* gravity should la* made* on the <a*m(*nt 
as r(‘c*(‘iv(*d ; and should if fall helow tin* standard rrcjiiirtMl in thr 
specifications, a H(*cond determination may be made cm tlie Hiimple at a 
low red heat. 
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INSPECTION OF EYDPAULIC CEMENT 


It cannot be too strong-ly emphasized that special care must be 
exercised in specific gravity tests. 

Temperature.—The standard temperature for specific c:ravity 
determinations is 62° F., but for cement, testing temperature may 
vary between 60° and 80° F., without affecting results more than the 
probable error in the observation. 

Apparatus.—Any approved form of volumenometer or specific 
gravity bottle, graduated to cubic centimeters with decimal sub¬ 
divisions, may be used. The Le Chatelier apparatus will be accepted 



Fig. 2. Le Chatelier Apyaratua lor Determining Specific Gravity. 

as satisfactory and is the one recommended by the Committee of the 
American Society of Civil Engineers. (See Fig. 2.) Accurate results 
may be obtained with the picnometer. 

Benzine or Kerosene.—Benzine (62° Baume naphtha), or kerosene 
free from water, may be used in making the determination. 

Determination of Specific Gravity.—Fill the specific gravity bottle 
to zero of the scale with benzine, kerosene, turpentine, or some other 
liquid having no action upon cement. Take, say, 100 grams of sifted 
cement that has been previously dried by exposure on a metal plate 
for twenty (20) minutes to a dry heat of 212° F., and allow it to pass 
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slowly into the lluid oi' the speeitie i>:ravity bottle^ iakinji^ care that 
tlie eemeiit tloes net stiek to tlie sides oi' tlie g’raduaied tube above 
the Ihiuid and tlu‘ runnel Ihrtuigh whieli it is introduced does not 
toiudi the (luid. The volmne of the displaced Ihpiid is then carefully 
n‘ad to th(' lu'un^st fraedion of a cubic centimeter. 

Tlu' sp(‘citic uTavity is then obtained by dividing 100 grams by the 
displactuuent in cu])ic centimeters, or may be expressed by the 
form 111 a: 

W(‘ight of cement, in grams 
Specdic gravity = - ~ 

l)is])iaced volume, in cubic centimeters. 

The sp(Mdhc gra\ity bottl(% during the operation, should be kept 
imnuu’sed in water in a jar, in onhu’ to avoid variations in the tem¬ 
perature of the liiiuid. 

The results should agree within 0.01. 

NOEMAL CONSISTENCY 

In performing the tests for timsih' strength, soundness, lime of 
setting and tiunpiu’ature, the cenuuU should b(* mix(‘d with sullicient 
water to pnxhue a semi-plastic mass of normal consistimcy. The 
determination of th(‘ propiu’ percmitugt^ of water to be used in making 
pastc‘s from which pats, tests <d' sidling, briiiiudles, etc., an* made, 
consists in minisuring tlie amount of water required to reduce the 
cement to a given state of plasticity, or what is usually called the 
normal consistency. 

Apparatus.” -For the purpose* of determining the normal consist¬ 
ency id a mixture of cement and water, or a mixture of cement, sand 
and water, tin* Vicat apparatus recommended by the Fommillee of the 
American Society of (’ivil Finginc'crH should be used. (See Fig. 3.) 

Determining the Normal Consistency.— The paste is considered to 
be of normal conHiHt(‘ncy wlum tin* eyiinder id' the Vicat apparatus, 
weighing 300 grams (lO.oH oz.), penetrates to*a point of the mass 10 
millimeters (0,39 in,) below tin* top of the ring or level of the paste, 
great care bi'ing taki'u to fill the ring exactly to the top. The trial 
pastes slnndd be made with varying percentages of watm* until the 
correct consistency is obtained. 

Simple Method.—A simpler metliod for determining the normal 
cmmistcncy for test spc*cimi*nH is to mold a ball of tln^ mortar in the 
hands to a plastic state and drop the sann* about 20 incln‘H on the 
talde. If the ball neither flat tens appreciably nor cracks, the con¬ 
sistency is satisfactory. This process corresponds practically with the 
previous method. If dropp<*d 20 inches from a metal trowel, the paste 
should leave the trowel clean. Light prcHsure should bring water to 
the surface, and the paste should not stick to the hand. 

TOME OF SETTING OE SETTING QUALITIES 

Time of set is found by making pats of the cement and noting 
till* time which elapscH from tlu* mom<*nl water is addeil until the neat 
ciuncnt paste ceases to he fluid and plastic (called the* **initial sci^’), 
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and also the time required for the paste to acquire a certain decree 
of hardness (called the ^^hnal’’ or ^^lard set^O- This test should be 
mace only on neat cement. The pats made for the soundness test 
(see pai>‘e 61) may be used to determine the time of setting'. 

icat Apparatus. The time of setting may be determined with 
neat cement paste of normal consistency by the Vicat apparatus 
recommended liy the Committee of the American Society of Civil 
Engineers. (See Eig-. 3.) 



Pig. 3. Vicat Apparatus to Determine Setting Qualities of Cement. 


Gillmore Needles. —The time of selling may also be determined by 
the Cillmore needles, consisting* of weighted wires of given diameter 
ns follows: One-twelfth (1/12) of an inch in diameter weighted hi 
ono-fonrih (1/4) of a pound, and the other needle one twenty-fourth 
(1/24) of an inch in diameter weighted to one (1) pound. 

Amount of Water.— The quantity of water should be about as 
follows: 

For Portland cement use 20 per cent of water. 

For Natural cement use 30 per cent of water. 

For Puzzolan cement use 18 per cent of water. 



jSTandaiu) of tfating 


Sifting Cement.— The ecMiient. (hat is lo be made in pats or cakes 
should not be sil’ied, but it is to be used exactly as it comes from ilu‘ 
barrels or bags. 

Mixing tlie Paste.—The re([uired pro[)oriions of cement and water 
should bi‘ mix(‘d thoroughly for liv(‘ minutes, vigorously rubbing 
tht‘ mixluiH' und(‘r pr(‘ssur(‘; time, to be estimatcal from the monunit 
of adding water. Some siuu'iticaiticms re((uii‘(‘ that a cpiick-sc fting 
(umumt b(‘ stirrml one miuut(* ami a slow-setting one throe minut(‘s, 
using suhiei(mt wai(*r to ma.k(‘ a stiff pasten 

Molding." Two pats or ca.k(‘s from tht‘ above mixture should 1)(‘ 
mohbul on glass plat(‘s, about thr(‘e (3) ine.lu‘s in diaimdm* and om‘- 
half (1 2 ) thi('k a.l iniddh' a,nd drawn t(y thin (ulgx's. The t(‘sl. 

])ats or ca.k(‘s should be made ])y rolling the ctmient into balls and 
then tlatt(ming. 

Storage of Test Pieces.— The test piec<'s should l)e storcul in moist 
air as soon as mad(‘, and there remain during lh(‘ t,(‘si.. This should 
b(‘ ac(a)niplished by placing lh(‘ t(‘st ])i(‘C('s on a. rack over wa,t(M' 
coidaimnl in a pan ami covenul with a da,m)) (doth, the cloth to b(‘ 
k(‘pt away from t.luun ])y nutans of a. wire* s(U'(‘(‘n; or they should b(‘ 
stoixnl in a tight box not. expos(‘d to (uirreuts of dry air, i. e., a moist 
closed. 

Methods of Testing.—Tin* tinu' of* sedding may be determined with 
the Vicat apparatus in th(> following nianmu*: 

A pasi(‘ of nornuil consist(mcy is niohhul in the hard rubber ring, 
and [)la(*(Ml umhu* tlu^ rod (1*), th(‘ smalhu* (uid of whi<di is th(*n car(*“* 
fully brought in <*()ida<d with tlu^ surfneu' (d' th(‘ past(g and the rod 
((iiickly r(d(‘as(‘d. Tin* c(mi(mi is consid(‘r(‘d to have ac(jiiired its 
initial s(d wlum tlu‘ mM‘dl(‘ ('cases to pass a point 5 millinudtu’s abov(' 
th(‘ glass plat(‘; and th(‘ tinal s(‘i, wdum tin*, manlh^ does not sink 
visibly into tin* pastiu 

Th(* tiim* of sidling may also be (hdenmined by tin* (lillmore needb's 
as follows: At tlu' (uid of tlu* tinu^ spmdlical for ‘‘initial^' s(d, apply 
th(‘ mnalh' oiie-tw(dfth of an imdi in (liam(d.(‘r W{‘ight(Ml lo one-foiirlh 
of a pound lo om* of tlu* pats. If a,n imhmialion is mad(‘ th<^ ccmuml 
pass(‘s the r(*<|iur(un»ml for initial sidling; ii‘ no imhmtation is made 
by th(‘ m*<Ml}(‘, tlu' ciutuml is too <jui(dv sidling. At. the end o(‘ the time 
specilied (or ‘Miual sed^^ npply the n(‘edl(‘ onc-twenty-foindh of an 
inch in diameter weighted to otu* pound. Mdie {)ats should not. b(‘ 
indented. In making the lest tlie n(‘odle should l)e held in a veidical 
position and applied iigiitly to the surfaee of the pat. 

BBIQtJETTE MAKINC 

Tensile strength is determined hy molding ])riiiiiet(es having a 
cross-smdion of 1 sq. in., matle of neat cimient a,ml also of various 
mixtures of cmiient am! sand, permitting them to remain in air and 
unde!’ watei* for speeitiial periods, a.nd then hreaking in testing 
maehim's, and noting the hreaking loads. 
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GENERAL REQUIREMENTS 

Form of Briotuette.—The form of briquette used for tensile 
strength determination should be in accordance with the American 
Society of Civil Engineers’ Standard, which is in the shape of the 
figure 8, having a cross-section of one (1) square inch in the middle. 
(See Eig. 4.) 

Molds.—The briquettes must be formed in suitable molds, the 
molds being made of l^rass, bronze, or some equally non-corrodible 
material, having sufficient metal in the sides to prevent spreading 
during molding. Gang molds, which permit molding four briquettes 
at one time, are recommended by the Committee of the American 
Society of Civil Enginee 2 ‘s, as shown in Fig. 5. 



Fig. 4. Details of Briquette. 



Molding. —The molds in which the briquettes are allowed to set 
should be placed on a table of marble or polished metal (without 
blotting paper), or rest directly on glass, slate or other non-absorbent 
material. Both molds and slab should be well cleaned and rubbed 
ovei' with a greasy cloth. 
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Bohme Hammer Apparatus. —Both the neat and mortar briciuettes 
may be prepared by the Bohme hammer apparatus, which is a tilt 
hammer with automatic action. The hammer is driven by a cam wheel 
o.l‘ ten cams actuated by a simple gearing. The steel hammer weighs 
about 45/2 and when the intended number of blows have been 
delivered the meclianism is automatically checked, the proper setting 
having been made for this purpose before beginning the work. The 
numl)cr of I)lows for each briquette should be 150. 

Removing Briquettes. —Considerable care must be exercised in 
removing bri(|uettes before hard-set. After loosening the latch of 
the mold, tap gently the sides of the mold until they fall apart. The 
bri(|uetles should be placed face down in water tank or pan. 

Weighing Briquettes. —Briquettes should be weighed after taking 
them out of the molds so as to be assured of the regularity of their 
manuracture, and those which vary in weight more than 3 per cent 
from Ihe average should not be tested. 

Storage of Briquettes. —All bri(|uettes should be kept one day in 
damp air, and submerged in clean water for ihe remainder of the time. 
(See i^age 53.) 

(b) NEAT BRIQUETTES 

Amount of Water. —Enough water should be used to insure a 
homogeneous bruiueilc, l)ut nol. enough to cause ihe cement to swell 
ab()V(‘ ihe level of the mold or free water to flow to llu‘ surface when 
smooilunl off with a l.rowel. The following amounts of water should 
be used for neat tests: 

For Portia ,11 (I cenumt use 20 per cent of water by weight. 

For Na,iural cemenl. use 30 per cent of water by weight. 

For Puzzolan ctmient use 18 per cent of water by weight. 

Molding.— "The molds should he filled ahout two-thirds full with 
lh(‘ plastic mass and the cement pressed in with ihe thumbs, then 
filled complelely, thumbed again, and leveled off smoothly even with 
the top of^th(‘ mold. Tln^ mold should then be turned over, the 
cenumt fhnmiuul once and (inished levd ns suggested for the first side. 
The brhjuette should flien be finished on both sides with a trowel. 

(c) SAND BRIQUETTES 

Proportions.—The proportions of cement and sand and water 
should in all ca,ses be carefully determined by weight, not guessed at, 
as is oftem the case. 

Standard Sand.— The sand should be natural sand from Ottawa, 
Illinois, screened to ])ass a No. 20 sieve (400 meshes per square inch), 
and retained on a No. 30 sieve (900 meshes per square inch), as 
recommemded by the Committee of the American Society of Civil 
Engineers. 

Amount of Water.— Just enough water should be used to form a 
bomogemeons, dense bihiuetle without showing a tendency for the 
cement or watcu' fo draw to the surface when finished wiili a ti'owel. 

Portland cement requires water from 10 to 13 per cent by weight 
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of constituent sand and cement for maximum streng:th in tested 
briquettes. 

Natural, about 15 to 17 per cent. 

Puzzolan, about 9 to 10 per cent. 

The percentage of water to be used in mixing Portland cement 
mortars for sand briquettes is given by the formula 

P 

y 2/3-h K 

n + 1 

in which 

y==Pereentage of water required for the sand mortar. 
P=Pereentage of water required for neat cement paste of normal 
consistency. 

n=Number of parts of sand to one of cement by weight, and 
K=A constant which for standard Ottawa sand has the value 6.5. 


The percentage of water to be used for Portland cement mortars 
containing 3 parts standard Ottawa sand, by weight, to 1 of cement 
is indicated in the following statement:"^ 


Percentage of 
water for 
neat cement paste 
18. 

19 . 

20 . 

21 . 

22 . 

23 . 

24 . 

25 . 

26 . 

27 . 

28 . 

29. 


Percentage of water for 
1 to 3 mortars of 
standard Ottawa sand 

. 9.5 

. 9.7 

. 9.8 

. 10.0 

. 10.2 

. 10.3 

. 10.5 

. 10.7 

. 10.8 

.. 11.0 

. 11.2 

. 11.3 


Mixing.—The cement and sand in proper proportions should be 
mixed dry and nearly all the water specified above added at once, 
the remainder as needed, and mixed for five minutes by triturating 
or rubbing together the constituents of the mortar. This may be 
done by rubbing between the fingers, using rubber gloves for pro¬ 
tection, or under pressure with a trowel. The mixing should continue 
for about five minutes. 

Molding.—The mortar for making sand tests should be placed in 
the mold in four layers of about equal thickness, each of which should 
be compacted with a brass rammer weighing aboiit one (1) pound 
and having a flat striking end of three-fourths (%) of an inch 
diameter or seven-tenths (7/10) of an inch square, with rounded 


* TJ-nltcd States Oovornmont spocification for Portland cement, circular of 
the Bureau of Standards, No. .S.*!, issued May 1, 1012. 
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corners. This rammer should be given a drop of one-half ( 1 / 2 ) inehj 
with thirty (30) drops for each layer evenly distributed over same. 

STORAGE OF TEST PIECES 

All test pieces for soundness and tensile strength should be placed 
in a moist closet or under a damp cloth as soon as made, and there 
remain until the end of the first twenty-four (24) hours. After the 
expiration of that time the test pieces should be placed in their 
respective places of storage, and there remain until completion of 
tests. The test pieces must be protected from currents of air and from 
the direct rays of the sun. 

Storage in Water. —After twenty-four hours in moist air, the test 
pieces for longer periods of time should be immersed in water main¬ 
tained as near 70° F. as practicable. Test pieces may be stored in 
tanks or pans, which should be non-eorrodible mateiial, and should 
be completely submerged during the whole period of hardening. The 
water should be renewed twice a week for the specified time, it 
running water is not available for a slow current. 

If test pieces are immersed in sea water, renewal should take 
placed every two days during the first week, and after that every week. 
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TENSILE STEENGTH 

Briquettes should be broken as soon as they are removed from the 
water or while they are still wet. 

Form of Clip. —The form of clip shown in Fi^*, 6 should be used. 
It is the one recommended by the Committee of the American Society 
of Civil Engineers.* 

Type of Testing Machine. —The tests may be made on any standard 
machine. Testing machines should be of the positive lever automatic 
type, so arranged as to apply the loads quietly and uniformly. EitJier 
Fairbanks or Riehle machines may be used. 

Testing Briquettes. —Care must be taken in centering the briquettes 
in the testing machine. The load should not be applied too suddenly. 
The clips should be used without cushioning at the point of contact. 
The load should be applied at the rate of 600 lbs. per minute. The 
pull should be central, along the axis of the briquette. 

No record should be taken of briquettes which do not break 
within 1/4 in. of the center. 

The extreme variation between the mean of five briquettes should 
not be over 15 per cent. 

COMPEESSIVE STEENGTH 

Compressive tests are recommended by the Committee of the 
American Society of Civil Engineers. 



Form of Mold. —The form of mold shown in Fig. 7 is the one 
recommended by the above Committee. Each face of the cube should 
be 4 sq. in. in area. 

Testing Cubes. —The cube or test specimen should be placed in the 
testing machine with a piece of heavy blotting paper on each of the 
crushing faces, which should be those that were in contact with 
the mold. 

Compressive tests should be determined after 2R days, it being 
impossible to accurately determine the cementing power, when com¬ 
paring different kinds of cement, in a shorter period of time. 

The briquettes should be prepared from a mixture of 1 part of 
cement and 3 of sand. 


♦ Final Report of the Special rommittee on TTniform Tests of Cement, Trans 
actions. Am. Soc. C. E., Vol. LXXV, p. 685, Dec., 1012. 
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CONSTANCY OF VOLUME OR SOUNDNESS 

The soundness of the cement may be determined by mixing the 
cement with water and molding same on glass into pats about three 
(3) inches in diameter, and about one-half ( 1 / 2 ) inch thick in center, 
with thin edges, not over one-eighth (Vs) inch at the cii'cumference, 
and noting the condition of the edges of the pats; also by subjecting 
pats to a steam bath and observing whether they blow, swell or crack. 

The signs of change in volume are generally shown after three 
days; in any ease an observation of 28 days is sufficient. 

Making Pats. —Pats or cakes of neat cement should be made by 
rolling the cement paste into balls and flattening to the form specified, 
care being taken to thoroughly work the cement so as to i^revent any 
cracking at the edges on account of initial stresses. In molding the 
pats, the cement paste should first be flattened on the glass and the 
pat formed by drawing the trowel from the outer edge toward the 
center. Pats must be protected from drafts of air and from jarring. 
The pats, especially those of slow-setting cements, should be protected 
from drying out by storing in a covered box until the setting is 
finished. 

Classes of Tests. —Tests for constancy of volume or soundness 
may be divided into two classes: (1) Normal tests, or those made 
either in air or water maintained in air at about 21° C. (70° F.); 
and (2) Accelerated tests, or those made in air, steam, or water at a 
temperature of 45° C. (113° P.) and upward. 

Normal Tests. —(a) Cold-water tests consist in placing the pats 
after twenty-four (24) hours old in water maintained as near 21° C. 
(70° F.) as possible for twenty-eight (28) days. 

(b) Air tests consist in subjecting pats after twenty-four (24) 
hours in moist air to the atmosphere of the laboratory, and observing 
at intervals. 

Accelerated or Boiling Test. —The boiling test is made by placing 
pats after tw'enty-four (24) hours in moist air, on a screen in steam 
over boiling water in a loosely closed vessel for five (5) hours. 
Fig. 8 shows the apparatus for making an accelerated test for sound¬ 
ness of cement, recommended by the Committee of the American So¬ 
ciety of Civil Engineers. Some specifications require that the pats be 
exposed to an atmosphere of steam for three hours, and then sub¬ 
merged in boiling water for three hours. Other accelerated tests use 
hot air, steam and hot water, steam or water under pressure, dry 
closets under a temperature above boiling-point, and a gas flame. The 
steam and hot-water tests are most uniform and satisfactory, and the 
boiling test is much the easiest of application. 

Test Requirements. —There must be no change of color or form 
or checking, cracking or disintegration of the pats when subjected to 
the above tests. 

Should the pat leave the glass plate, distortion may be detected 
best with a straight-edge applied to the surface which was in contact 
with the plate. 

For additional tests for soundness, see Art. 3, page 37. 
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Art. 6. Significance of Tests of Cement 

The matter contained in this article has been taken lari:i'ely from 
the authorbook on Cement SpecitieationsC’ published by D. Van 
Nostrand Company, New York City. 

CHEMICAL ANALYSIS 

Chemical tests and full quantitative analyses are strongly recom¬ 
mended, and preference should be given to cements of which analyses 
are furnished by the manufacturers. 

Defective Portland cement usually results from imperfect manu¬ 
facture, not from faulty composition. Cement made from very finely 
ground material, thoroughly mixed and properly burned, may be 
perfectly sound when containing more- than the usual quantity of 
lime, while a cement low in lime may be entirely unsound due to 
careless manufacture. 

The analysis of a cement will show the uniformity in composition 
of the product from individual mills, but will furnish little or no 
indication of the quality of the material. Occasional analysis should, 
however, be made for record and to determine the quantity of 
sulphuric anhydride and magnesia present in Portland cement. 

Calcium Sulphate. —The ground clinker as it comes from the mill 
is usually quick setting, which requires correction. This is usually 
accomplished by the addition of a small quantity of more or less 
hydrated calcium sulphate, either gypsum or plaster of Paris. Three 
per cent of calcium sulphate (Ca SO.J contains about 1.75 per cent 
sulphuric anhydride (SOo), and as this has been considered by the 
best authorities the maximum quantity necessary lo control time of 
set of Portland cement, specifications usually limit the SO3 content 
to 1.75 per cent. 

Standard specifications for Portland cement prohibit the addition 
of any material subsequent to calcination excejit the 3 per cent of 
calcium sulphate permitted to regulate time of set. Other additions 
may be difficult or impossible to detect even by a careful mill 
inspection during the process of manufacture, but as the normal 
adulterant would be ground raw material, an excess of '^insoluble 
residuewould reveal the addition of silieious material, and an excess 
in ^^loss on ignition’’ would point to the addition of calcareous 
material when either is added in sufficient quantity to make the 
adulteration profitable. 

Magnesia. —Chemical analysis should be made when it is sus¬ 
pected that magnesia is present in large amounts, or for mixed 
cements (see pages 45 and 49). The most dangerous feature in 
Portland cement is the presence of too much magnesia and an excess 
of free lime, the latter indicated by the cracks and distortions in 
the test pats or cakes, and the former in the deficiency of tensile 
strength of the briquettes. Over 5 per cent of magnesia is excessive 
and dangerous. Some specifications state that no Portland cement 
will he accepted which contains more than 2 per cent of magnesia in 
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any form. The maximum limit for magnesia should be set at 4 per 
cent, as it has been established that this quantity is not injurious and 
it is high enough to permit the use of the large quantities of raw 
material available in most sections of the country. 


FINENESS OF GEINDING 

The test for fineness of cement is important, because the finer the 
grinding, the more efficient and satisfactory will be the action of the 
cement, other things being equal. Not only is the activity of the 
cement increased by fine grinding, but the fine particles are necessary 
to fill small voids in the sand and thus render the mortar or concrete 
dense. The finer a cement is ground, the stronger that cement will be. 
In other words, the more finely cement is pulverized, all other condi¬ 
tions being the same, the more sand it will carry and produce a mortar 
of a given strength. 

The most rigid fineness specifications could be filled by a cement 
which would be by many degrees too coarse. By a fine cement is 
not necessarily meant a cement so ground as to show a good sieve 
test, but rather a cement- that contains a large percentage of flour. 
The same cement may also happen to contain a large percentage of 
coarse material, which is practically inert. 

No sieve is fine enough to determine the flour in a cement, nor is 
there any other means of accurately and practically measuring the 
flour. Some cements grind easier than others; thus, although a larger 
percentage of one cement may pass the 200-mesh sieve than another, 
the former may have a smaller percentage of actual flour due to 
the difference in the hai*dness and the character of the clinker, and 
the method used in grinding. Thus the cementing value of different 
cements cannot be compared directly upon their aj^parent fineness 
through a 200-mesh sieve. With cement from the same mill, with 
similar clinker and grinding machinery, however, it is probable that 
the greater the percentage which passes the 200-mesh sieve, tlu‘ 
greater the percentage of flour in that particular cement. 

Use of Plates. —Plates with round holes are to be preferred to 
wire screens, but it is difficult to manufacture them. 

Mechanical Sifter. —Mechanical shaking has not been found satis¬ 
factory, especially for fine cement, and hand shaking is to be preferred. 

SPECIFIC GRAVITY 

The specific gravity determination cannot in itself be considered 
an indication of the adulteration of Portland cement, until placed 
in comparison with other tests indicating quality. It may be us(‘d 
as an aid in detecting adulteration, but it is not necessarily conclusive' 
as an indication of the quality of a cement. The test will not detect 
a small adulteration nor adulteration with a material of high specific 
gravity. The test is of some value in dealing with one brand of 
cement, but its determination is not absolutely necessary. 
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The specific gravity of a Portland cement will vary with the 
constituents of the cement, especially with the content of iron oxide. 
Thus the white or very light Portland cements, containing only a 
fraction of a per cent of iron oxide, usually have a comparatively 
low specific gravity ranging from 3.05 to 3.15, while a cement con¬ 
taining 3 to 4 per cent or more of iron oxide may have a specific 
gravity of 3.20 or even higher. 

The specific gravity of cement is lowered by underburning, adul¬ 
teration and hydration, but the adulteration must be in considerable 
quantity to affect the results appreciably. Specific gravity tests should 
not be taken as a direct indication of underbnrning. A compara¬ 
tively low specific gravity does not necessarily indicate that a cement 
is underburned or adulterated, as large percentages of raw materials 
could be added to a cement with a normally high specific gravity 
before the gravity would be reduced below 3.i0. 

The specific gravity of Portland cement depends upon its age 
and the opportunities which it has been afforded of absorbing water 
and carbonic acid from the atmosphere. Its specific gravity is lowered 
by exposure, because of the absorption of water and carbonic acid, 
hence tlie necessity of drying the cement before testing. It has been 
found that the absorption of moisture and carbon dioxide does not 
appreciably affect the cementing value of the material; in fact, many 
cc'ments are unsound until they have been aged. Thus a redeter¬ 
mination is permitted in standard specifications upon a sample heated 
to a temperature sufficient to drive off any moisture which might be 
absorbed by the cement subsequent to manufacturing, but would not 
drive off any carbon dioxide nor correct underburning in the process 
of manufacturing the cement. 

The value of the specific gravity determination lies in the fact 
that it is easily made in the field or laboratory, and when the normal 
spcHufic gravity of the cement is known, any considerable variation in 
(juality due to undeiburning or the addition of foreign materials 
may be detected as mentioned above. 

NOEMAL CONSISTENCY 

In order to insure the necessary uniformity in carrying out tests 
for setting, soundness or tensile strength, etc., it is exceedingly impor¬ 
tant to use a proper percentage of wmter in making the pastes from 
which ])ats and briquettes are made. In fact, the results are vitally 
affected if the proper amount is not used. 

Determination. —The determination consists in measuring the 
amount of water retjuired to reduce the cement to a given state of 
plasticity, such that the paste shall leave the trowel cleanly and in a 
compact mass. That is to say, when the cement is gauged with the 
proper amount of water it shall form a smooth, easily worked paste 
that does not require the trowel to be scraped off or otherwise han¬ 
dled to clean it from the ganged cement. The trial pastes must be 
made with varying percentages of waler until the correct consistency 
is obtaine<l. 
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TIME or SETTING 

This test is seldom used as a basis of comparison, but merely to 
see if the cement is sufficiently slow in its setting action to be 
properly manipulated or whether it hardens rapidly enough to satisfy 
the requirements of the work on which it is to be used. The setting 
time of cement has been found to bear an important relation to its 
strength. 

Slow-Setting Cements. —^If a cement is found to be very slow in 
setting, it is probable that an excess of lime has been used or that 
the material has been imperfectly ground. Slow-setting cements are 
apt to be stronger than those which set more quickly. 

Quick-Setting Cements. —Quick-setting cements, that is, those that 
set inside of four hours, are apt to be overclayed and are apt to 
contain less of the active materials to which cement owes its strength. 
That is to say, if a cement sets very quickly by heating during the 
mixing process, and is found to be of low tensile strength, it is prob¬ 
able that an excess of clay has been used or that the cement is low 
in sulphuric acid (SO3). Quick-setting cements are not necessarily 
prompt hardeners; they are usually the reverse. 

“Flash Set.” —^If a cement has a “flash set” or is extremely 
quick in this particular but hardens only very slowly, there is a prob¬ 
ability that an excess of alumina is involved, usually combined with 
overburning. 

Temperature. —^In order to obtain uniform results in determining 
the setting of cement, it is of importance to carry out tests at a mean 
temperature, of both air and water, of 60° to 70° F., as the setting is 
influenced by the tempei’ature of the air and of the water used in 
mixing; a high temperature quickens the setting, a low temperature, 
on the other hand, retards it. 

TENSILE STEENGTH 

Experience has shown that a great variety of results is obtained 
with the same cement with different manipulators, owing to the 
varying degree of compression used in filling the molds, varying all 
the way from the pressure of the finger to hard ramming, and to 
varying lengths of time used in mixing, as well as the type and 
condition of the testing machine. Consistent results can only be 
obtained by exercising great care in molding and testing the briquettes. 
It may be considered good laboratory practice if the individual 
briquettes of any set do not show a greater variation from the mean 
value than 8 per cent for sand mixtures and 12 per cent for neat 
mixtures. 

Neat Cement Tests. —The neat cement tests are of less value than 
those of briquettes made of sand and cement. Neat tests afford more 
information as regards the properties of the cement itself than as 
regards how it will behave in the work; to get practical information 
regarding this, mortar and concrete tests are necessary, as the testing 
of the aggregates to be used is of more practical value. The strength 
of cement should not be gauged by the results of neat tests, but 
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should invariably he. nia(l(‘ to (h'lauid upon loiiii’-time experiments on 
sand nnxtures. 

Seven-Day Test.—A seven-day sand test is an indieai.ion of 

prompt liardeniim- ot‘ ecmuait. 

Twenty-eight-Day Test. -—(Vanent that will stand a hii>li test for 
seven days may hav(‘ an (‘xe(‘ss of lime, vvhicdi will cause it to detenio- 
rate. The twenty-eii>'hi-day test is, therefore, very useful. Any 
cemenl not showin<»: an increase^ of stren^l.Ii in the twenly-eij;iit-day 
tests ov(*r the seven-day tests should be reject( mI. 

Extended Tests.— Lon<>*er t(‘sts than tvv(‘nty-eii»iit days are of value 
when it is desired to learn the rate of hardening;*. 

CONSTANCY OF VOLUME OR SOUNDNESS 

Th(‘ i<‘st for chanjj;'e of volume is very important., for expansion 
in any work into wliicdi c(‘m(ml ent(‘rs would h(^ fatal to reliability. 
It is thendore hii»*hly essential to d(‘termine such (iualiti(‘s at oncC; 
tests of this charact(‘r Ixdnji: mad(‘ for the most part in a very short 
tim(‘. The purpose* of this test is to dcdect those* (|ualities in a cement 
which t(‘nd to d(‘stroy tin* str(m;i 4 'ih and durability. 

Tlfm pats or (*ak(‘s of m^at ctutumt a.llow(*d to take final set in 
moist air should withstand ind<dinit(* (‘xposure in water or air at any 
temperatui'e to whi<di tiu* c(‘!m‘nt may b(* exposed in the work, with¬ 
out givini»’ a.ny evi(len<*<* of sw(‘llin,i»’, checdciner or warping out of shape, 
or softenin|»:. Tin* constancy of volume of all cemeid. should be 
pertVet. 

Boiling Test."-T boilin.i»:“Wat(‘r t(‘st is desi.i?‘ned to ascertain 
tin* durability of tin* cemamt, and is int(‘nded to show in a lew hours 
what would tnk(* a lout*: peuaod oth(*rwis(*. This test is supposed to 
show wh(dh(‘r an (‘xc(‘ss of fr(‘e lime is in the C(unent. Of two or 
more ccmH‘nts othu’cMl, all of which will stand tiu' fresh-water pat 
test for constancy of volume, the (aummts that will stand the boiling 
test also an* piudernal. An unfavorabh* boiling test should not itself 
))(^ a cause for rejc*ction, but that cluunical analyses be made and the 
boiling test repeated at a later p(‘riod. pag<‘ 1M7.) 

Unsatisfactory Boiling Test.~If a sample falls in the boiling test, 
the shipnamts should be ludd for at least 28 days and tlu'u a second 
dett‘rmiiiati(»n made* upon a fresh sample. If the second sample 
passes tile test it imlieatcns that th<* Hrst sampler necaled siaisoning. 
If (he seeond test fails a.nd the* tensih* strength is low, the shipment 
should he* eonsi(U*r(*(l as suspieious. If a eenuuit fails in a boiling 
tt'st it is prohahh* that im ivxeess of lime lias liecm uH(‘d or that the 
material has beam irnperfect ly ground. 

Examination of Fats for Cracks, Etc.— In examining pats for 
eraeks, tin* flm* eracks found on the surfaee, that cross ami rc'eross 
each other, are* not <lue to expansion, cracking and disintegration of 
tla* eeunent, hut are nau’cly the result of ehang(‘s of temperature*. 
The eraeks due to e*xpansion, eraeking and disinte^gration are wedgev 
sliaped, runniim’ from the* eente*r and usually aeeompanied l>y a cer¬ 
tain amount of dLsint<*grution, e‘spe‘cially at the e‘dges. 
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Shrinkage Cracks.—These are usually caused by the use of too 
wet a mixture, or produced by too great rapidity of drying. Dry air 
will usually produce this effect, so that such cracks indicate improper 
manipulation and not dangerous properties in the cement. (See 
Fig. 9.) Shrinkage cracks may extend across the center of the pat, 
but can be distinguished from expansion cracks. No shrinkage cracks 
should develop after the first 24 or 48 hours. 



Pats Which Have Curled Up at Edges.—Cracks caused by the 
curling of the edges of the cement away from the glass while the 
pat still adheres is a common occurrence in air pats and should not 
be considered dangerous unless extreme in character. It should not 
occur in water pats. If such cracks are found in water pats they 
denote the existence of qualities which should ordinarily condemn the 
sample. (See Fig. 10.) 


Fig. 10. Condition Due to Expansion (Harmless in Air Pats). 


Pats Which Have Left Grlass.—^Pats which have left the glass 
because of the mere lack of adhesion in either air or water pats 
should not be considered dangerous. A curvature greater than a 
quarter of an inch caused by expansion or contraction should bo 
sufficient to condemn the same. (See Fig. 11.) 




Fig. 11. Pats Which Have Left Glass. 


Pats Causing Class to Break.—Occasionally the glass will break, 
while the cement pat still adheres to it. This is not usually indicative 
of poor quality. 

Radial Cracks.—^Radial cracks incident to incipient disintegra¬ 
tion should always warrant rejection of the sample. (See Fio-s 
12 and 13.) * 

Blotching.—If a pat is blotched, special investigation should be 
given to its cause, which may be either adulteration or underburning. 
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Fig. 12. Incipient Disintegration. 



Fig. 13. Complete Disintegration. 


Interpretation of Results. —To properly interpret the result of the 
constancy of volume or soundness tests requires a large and varied 
' experience, which is undoubtedly the most difficult phase of the 
testing of cement. The presence of radial cracks of incipient dis¬ 
integration in normal pats is always sufficient to warrant condemna¬ 
tion, while, of course, complete disintegration would cause the rejection 
of the cement. 


CHAPTER II 


INSPECTION OF SAND, STONE AND MISCELLANEOUS 
CONCRETE MATERIALS 

Art. 7.—General Stipulations 

The aggregates used with cement in the formation of concrete 
are generally sand or stone screenings and broken stone or gravel 

Classification of Aggregates. —Aggregates are commonly divided 
into two classes, the one called fine and the other coarse: this is a 
purely conventional separation. Fine aggregate is generally taken 
as that part of the material which will pass a screen having %-ineh 
meshes and sizing from there on down to granules no larger than pin 
points. It consists generally of sand, but may also consist of gravel 
or stone screenings (see Art. 8). Coarse aggregate consists of material 
larger than ^/4 inch, that is, particles failing to pass the %-inch screen, 
and may be gravel, broken stone, cinders, slag or any hard, durable 
material (see Arts. 9, 10 and 11). 

GENERAL REQUIREMENTS 

Selection of Aggregates. —The importance of selecting good aggre¬ 
gates for concrete is second only in importance to the selection of 
cement, forming as it does by far the greater part of the strueture. 
It is to be regretted that engineers have not more generally acquainted 
themselves with the value of various aggregates, as regards their 
adaptation for use in concrete work. It cannot be too strongly 
insisted that every possible precaution be used in the selection of 
materials which go into the concrete. While the selection is ordinarily 
governed by the materials obtainable in the locality, careful consider¬ 
ation should be given to the character of the work and the desired 
qualities in the finished construction. The gradation in size, propor¬ 
tioning, etc., of these materials, which is treated later, has an 
important bearing upon the density and economy of the work, and 
all reasonable means should be taken to secure as good material as 
is available. Local materials should invariably be carefully tested 
and not employed if found unsuitable, unless their inferior quality 
is taken into account in designing the structure. The materials used 
should give uniform character and color to any strueture or group 
of structures. 

Specifications for Aggregates. —Specifications for aggregates usu¬ 
ally stipulate the kind, the mineral nature of the particles, tho size 
and shape of the particles, the cleanliness, the amount of voids and 
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whether or not it shall be screened or washed. Specifications vary 
in their requirements and the inspector must be bound by the particular 
specifications. Care must be taken that the materials used are exactly 
what are called for in the specifications, and that each material 
will meet the specification requirements. In other words, it is the 
inspectoi'^s duty to see that the aggregate used meets the requirements 
of the specification and to make certain that no other aggregate is 
used in the work. 

Determinations for Aggregates. —Aggregates, being inerts, do not 
permit of or require as intricate and detailed analysis as cement (see 
Art. 5), which is chemically very active. The requirements are, 
therefore, chiefly physical, and are, for the most part, concerned with 
the hardness and durability, the size and grading of the various 
particles, cleanliness and amount of voids. All these things admit 
of fairly easy and accurate determination, a fact which tends to make 
the inspector careless about making any determination at all; 
nevertheless, they are quite important and, if good results are to be 
consistently realized, require attention equally as much as cement. 
For determinations for sand, see page 93; for gravel, see page 108; 
and broken stone, see page 118. 

Durability of Aggregates.—The life of the concrete is dependent 
upon the aggregates; materials soft, fragile, brittle, easily acted 
upon by the agencies of decay, and poor resistants to fire and gases, 
cannot make enduring concrete, no matter how well mixed,—the 
weaker the individual particle, the weaker the mass as a whole. In 
other words, the strength of the whole mass is, in a degree, only the 
strength of each individual particle, and, like a phalanx, is dependent 
on intimate association of all units. Aggregates should be such that 
they will undergo no future alterations, either in disintegration due 
to eliemical changes, or breaking of particles under the tamper, due to 
the presence of cracks or bruises received at the crusher. 

Shape of Particles of Aggregate. —Other things being equal, 
rounded aggregates give greater density and a lower percentage of 
voids, since the compactness increases as the particles become more 
rounded. The question of shape, however, is more theoretical than 
practical; theoretically, the spherical shape is ideal; practically, 
while aggregates of rounded gravel and sand make a little stronger 
and denser concrete, irregular, jagged particles, like broken stone, 
give satisfaction, indeed may be preferable on account of superior 
quality. In other words, the shape of the particles of aggregate has 
little effect on mortar, except as to density (see page 131); but con¬ 
crete is affected by the shape of the particles, especially of coarse 
aggregate; flat, thin particles being undesirable. 

Size of Aggregate. —The larger the maximum size of aggregates, 
the denser and stronger will be the concrete; but experience has shown 
that for plain concrete it is impracticable to use fragments larger 
than will pass a 3-in. ring, and this only in very massive work. The 
more usual size is 2% ins. For reinforced concrete ll^ ins. is about 
the maximum size allowed, and in building work % fo 1 in. The 
great bulk of concrete work is done with aggregate smaller than 2 ins., 
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aii<l as a i»'(‘n(M’aI wlifn* iliv iitaN'.ii<‘! h* tif ihr inirifur will 

allow of niurli lar^'or sizrs» it will ho iipn’v oruimiiiiral !«» ii .«• iiihhh* 

('oiHO’c^to. (S(‘t‘ Art. IM.) 

T!u‘siz(‘ol‘I }i(‘roarso au!i.roi!alf slitHilti !»• |>i u|»iii i iuiirt! fu iIh* wim 
of Ilia niornhors in wliioh tin* ooiiortio fu ho |ila«'tni, 'I'ln^ usa\iiiiaiii 
si/.t‘ of (lii‘ (MKirsc a‘n 4 r(‘!i.‘att‘ slumlh In* tha! if uill ituf sj‘|»ai.tit. 

from tlH‘ mortar in la\iiiLr am! will m>l fiiiHoiii flir fii* 

siirroumlinijr tho rainfonamitnit or tilliiiir ail l’aif'4 <»f tin* loiiji-., fn 
otiun* words, tlu* maximum sizo of lurtn'oitalos \h uithor by 

tlu‘ pratdiral considoraticm <d’ tlio ^i/r of m! riio!iii'al jtiul 

ndnforetmiont than hy flm na|turoiiioiit of sfninrlii or doir-dty f»f ihi* 
mixfunx (Son payu* *123.) 

Grading Aggregates.—1« til! n tttdi-r'riid*^d looui-iriito 

flu* ht‘st rostdts; this moiuis, not ii iiuxtiin^ of two of 

aggr(‘pitc otdy. hut a uniform i^nnlnfioii fiom ih** nor-4* mairii^l uji 
to tlm eonrsost to ho usod, duo atfontinn hidir.r ri^oii |y |li« tiiVi t of 
siz(^ of Han<L In tdlior woixls, tlio iiiaxiitiiiiii of rpoiriri,* niH 

Ih‘ HO('urt*d for a yivmi t|uantity <»f c•ollll♦llt wlioit I hr mo mi 

proporthmed as to sizo as to naltiro tlio piunuitii o* ui in iho 

mixture to a minimum. T<i rialiiof^ tin* prtipoifotn of iiod'i to » inini 
mum (ht* iijxyreirntc* should etumiMf of piiriiflrH of diiTi-j»•ll| M/m, mi 
that the smalhu* will fill the interstieoH ihr liiim. 1Mii * tiil| 

h(* further dlseushetl in Art. h1. A iiiitfiuiit -d/r uf rs^.ir-^r n- 
tille<l with title mxu'resfidm dties not iiaihe m r or 
ns one in wiiiefi I lie eoarsn rt»ii .t * of I ti o .ifid i iPf 'jmifH 

so that the small stones may partly fill the htj -ri inir^-Urs . \|| 

exeixsH of mmlium siml piirfieleH of flie trr nifo ih-rri.rr flio 
density and also flu* sf retndli of luorfar or ntneirf^n 

Gravel vs. Broken Slont.^-Mfiiiy eii-ifirn . lunr a ilmd-d puir'i. 

for gravel o\i»r liroketi sftnie iis mi lira;**! i 5).»»ii ht 

hy many to he superior to hroheti sfutie iii timl the Hinn i^-h 
hies, worn tiown as foiim! iii luiliiie, tin fin* mI of thr | 

parts of tlit‘ hIoihx the weaker porliiiiiu luiiiin' Imi ii a| .i», 

fliat round fragmeiits otIVr stti fare fo \ir ilm ur ms" 

iicdter union with the mtuitir iiiiil Kiiiim umfiu * tn.ihtr roiud t.«n* , i 
denser eonerete than lirokeii stone. Oii iln* ni luusd* Ur* uioi,. f * , 

of broken stone niiiintaiii fliiil the romdi ^-inf'irr* ai-d fho an uhiMfv 
of broken frairmenls iitstire heffer «»r leiiebur t’^e r> nrn>U‘. 

It has been denionstrnfeil iii all line..i of timl iIm 4 euumh M«.d tmh 
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fonml liowever. Iluit ii wet griiud eoiierrie r,ij, |,o liamflrd imirh ?!, ,n* 
cdienply tlian hrokmi Htoiii* eonerete. If d'liiifr. fi#r 

hiiekeis ran he pliieetl in the foriiH ttitli Idtie hihuu mid in,so, ■, ■ 

little tamffnnr. Wet gravel tmtierefe iitll flow hi rluil**. phif,d ,f ,Pi 
angle ho flat tlmt dry eoiierefe or even ii iief Htinif* 
move. (Bee page 1CI4.) 

Voids In the smiil intd flu* n - a.* 'at. •. ioi,|. .r . i 
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that all void spaces are filled with finer materiaL the conditions 
iiifiueneing- the proportion of voids in sand and aggregate must be 
known. In this connection, see Art. 13. 

Care of Aggregates. —The principal care to be exercised in the 
handling of aggregates is to see that none is contaminated with dirt 
or foreign substances. Platforms should invariably be provided upon 
which all sand, gravel and broken stone may be placed when brought 
upon the line of the work, and kept there until used, and any not 
so placed should be rejected by the inspector. This precaution is 
especially important in street pavement work, for if sand, gravel or 
broken stone are deposited directly upon the earth, it is difficult to 
avoid taking up earth and mud with the materials, especially when the 
street is wet and muddy. In large operations, the aggregates are 
generally stored in open sheds or in covered bins. These storage places 
should have a wooden floor so that there will be no danger of shoveling 
up some of the soil and carrying it into the mixer. 

In other words, after the aggregates are delivered at the site, keep 
them in separate piles and do not allow dirt from cart-wheels or horse 
dung to mingle with the aggregates. Of all things, do not allow street 
traffic to grind up and pulverize the sand and stone, mixing up with street 
sweepings to be shoveled back into the pile. One shovelful of this hind 
of stuff occurring at a critical point of the work mag cause a failure in 
reinforced concrete buildings. 

Concrete aggregates should also be protected from intense heat in 
summer and from freezing weather in winter. If the materials have 
been snbjedcd to the heat of the sun, they are liable to cause trouiole 
in tlie mixer by tending to cake the cement (see Art. 32). In the 
summer time, therefore, care should be taken to wet the stone down 
carefully (see page 164) and to protect the sand and broken stone or 
gravel from the heat. 

In winter it is well to prevent the sand, broken stone or gravel 
from becoming wet and from having the moisture in them frozen, 
because fi*ost is detrimental to the concrete (see Art. 33). When 
there are indications that the aggregates have been frozen, means 
should always be taken to thaw them out, either l)y forming a hollow 
in the material and building a fire therein, or by putting the material 
in a sheet-metal pan under which a fire is lighted. For other methods 
of luuiting aggregates, see page 356. 

Use of Material without Screening. —If it is suitable for the pur¬ 
pose, material direct from tlie bank or crusher may be used without 
screening and subsequent mixture, but only with the permission of the 
engineer. 

Washing Aggregate. —^Impure sand or gravel may be used, pro¬ 
vided the impurities be removed by washing to the satisfaction of 
the engineer. The washing for small jobs may be done in almost any 
type of batch concrete mixer by simply revolving the mixer and 
letting the hose play inside without stopping. When the mixer over¬ 
flows, the water will carry off the foreign matter. For larger jobs, 
however, other arrangements should be made, subject to the approval 
of the engineer. In this connection, see page 103. Aggregates can be 



74 : 


INSFBCTTON OF SANT), flTONF, FTC. 


cleaned by spreadin^i: iln'iii on an iiudiiK'd plaiforni, inrnini** a hose 
on the pile, and allowing*: the waUn- to carry tlie inipuriti<‘s. 

Samples of Aggregate.— Saini)les of the sand, broken si one and 
gravel should be kepi in tlie (engineer’s olVu'e as a standard for (‘om- 
parison during* the progr(\ss of the work. 

Sampling Aggregates.— Sarnph's should be lakcuii in sneli a vvay as 
to obtain a fair avet‘age of ilu' material to b(‘ tesical. 

The size of the sarnph‘ dt^pemds upon lh(‘ (diai'acder of lh(‘ aggre¬ 
gate and the nature of the test. It is Ixdler to en’r on th(‘ sidt‘ of 
getting too large sample rather than one that is too small. For 
tensile or compressive tests of mortar mad(‘ with sand or stone 
screenings (see ])age 101) a sample not l(‘ss than 20 lbs. in weight 
should be taken, in order to bav(‘ enough material hdl oven- for oilier 
laboratory t(\sts that may be (*onsid(‘r(‘d mna^ssary. If praetieal leasts 
of propoi'tions with coarse aggregates arc* to ]>e made (s<*c' pagers 100 
and 120), the sample of tine aggregate should he s(‘V(n’nl times !arg(*r 
than tliis. 

The coarse aggregate sample should be larger than that of the 
fine aggr(‘gate, in order to gel fair aveu'agc^ of th(‘ material, beeaus(‘ 
the grains are hirg(‘r and there^ is mor<‘ varialion in ilnan. Whatevm* 
tests are made must he on a largin* scahn For t(‘sls involving both 
sieve analysis (see page 147) and voiiimcdri(* t(‘sts (s<s* png(‘ 1 17d of 
concrete mixtures for proportioning the aggregat(‘H, at least 200 lbs. uf 
each coarse aggn*gat(* are m'edtal. 

Sampbvs sbonld be sbippcal in a strong box or a bag. It is advis¬ 
able that the natural moisture be retaiiu'd as far as possiblcn so that 
the laboratory will r(‘ceivc‘ the aggrc*gate in its natural coudition. 
For sub-dividing tlu^ sample to obtain the rc^juired amount for (‘ludi 
test, difTerent methods are used in ditlerent lalioratories. OtU! of tlu* 
common methods is that of cjuartering.* 

To (piarter a sample of aggn‘gatc% it is spread out on a tlmrougldy 
(dean floor or table, or elH(» upon a large* sIum*! of Manila papeu*. Fart* 
must be taken in spn^ading to sec* that particles of dilTereut size are 
(listribut(‘d through the mass. Tin* pih* should pr(‘f<*rahly bc» In tin* 
shape of a circular disc. The aggregrat#* in this shapt* is dividtal into 
four quarters. Two opposite ejuarte^rs are ri'inovc^d, taking care to 
remove all dust. Tin* i*(‘maining (|uart(*rs an* th(‘n mixed togellier. 
After mixing, the aggregate is sprcaid out again, ns lad’ore, and tjuar* 
tered again, Idus proc'css should b(‘ folhnvcal until t!j(» (piantity 
remaining is of the siza* re<|uii’(*d for tin* e\perimc‘nt. 

Art. 8.—Sand, Crushed Stone and Gravel Screeninp 

Sand is used to fill the voids in tlie stom* or gravel aggregate, and 
to reduce the amount of c(*m(‘nt r(‘(juir(*d. It const it nf(*s fn»m one 
third to one-half of the vedume (jf concn^tc*. Nattirat sand i^ (‘mpIoy<*t! 
for the majority of cemcrete work, although fine crushed stom* and 
gravel screenings are* somc‘timeH (*mploy(*d. 

•Commltt(*o of Natl. Ahhoc. C’cmcnt Pnir. IUh\, VoL (gi, {nii?c a40, 

March 80 , 1912 . 
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Sand is an ol’ loose, ineohercnt grains of a crystalline 

structure, deriveil from the disintegration of rocks, it is called 
‘'siiicious,argillaceous,’^ or “calcai’cous,” according to the char¬ 
acter of tlie rock from vvhicli it is derived. Various kinds of rock 
art^ capable of producing sand of good quality. The natural sands 
ar(‘ usually silicious in character, but calcareous sands are also met 
with and may giv(* excellent, results in concrete. The satul dcnived 
from the (piartzose rocks is (he niosl, prel'erred for building purposes. 
Sand is obtaim'd from pits oi* land deposits, baid<s and beds of rivers, 
th<‘ s('ashor(‘, or may lx* mad(‘ by grinding sandstones. 

Pit or bank sand is that obtained from inland excavations. It has 
an angular grain and a soriu'vvhat rough surlace, and often contains 
clay and organic matt(‘r. Wlu'u washed and screened,, it is a good 
sand for g(*m*ral [)nrposes. 

Hh^tr sand is (‘xcan'atc'd along the sliores or dredged from the 
])ottoTn of bodi(‘s ol‘ fn'sh vval(*r. It is g(*nei‘ally (*om[)osed of rouruh'd 
particles or grains, and may or may not contain clay or other irnpuri- 
ti(*H. River sand is commonly of fine grain and is ofl('n white* in color. 

Sea sand is excavated along the shores or dn'dged from the bottom 
of bodi('s of salt water. It contaitis alkaline salts that attract and 
r(*tain moisture and caust^ (dllorescc'nce (see Art. 31). The grains are 
moi’t* or less rounded. 

Durability of Sands.—As a rule, river and sea sands are more 
dural>h* than glacial sands. The lait(*r ai*e roek-rneal ground in the 
g’t'ologleal mill, and usually consist of siU{'a with a considerable 
admixture of mica, hornbh'mh*, feldspar, <airhonat<* of lime*, (*tc. The 
silica is hard and durable, hut tlu^ other constituents are soft and 
friable and are easily dewomposc'd by the gas(*s of the atitiosphere 
and the* acids of rain-wnte'r. (Racial sands freeiuently contain so 
large* a pre>portiem e)f soft and e'asily eh*ce)nipose*(l ce)nHfitnents as te) 
rendc*r tlu'm unfit for use* in expe)S('el wejrk, as, for example, in con- 
cr(*l(* side'wnlks. (hnish(*el granite* is oftem used in the place* of sand 
in concre*l<* sieh'wnlk e'onstruction; hut granite froejue*ntly contains 
mica, he>rnbh*nde and feldspar, which render it unsuitable fe>r this 
kind of work (se*e page* 

The riven* and seal sands are* older geologically than glacial sands, 
and tlier<‘fen*e are^ as a rule* ne*arly i)ure (juarlz, since* tlu^ ac.tion of tlie 
<‘l<‘m<‘ntH has e‘liminated the* softe*!* and more e‘asily d(‘C(mipos(*d con¬ 
st itne*ntH. Home* se‘a sands are* ne^arly pure carbonate* of lime*, which 
is Hof* and friable*, and there*fore‘ e‘ntire‘ly unfit fen* use^ in me)rtar or 
concrete*. Th<*sc are* known as e*alcare*ouH sands. 

Selection of Sand.-- The jiroper K(*l(*ction of sand as one* of the 
aggre*gate*s for concre*te is largely a matter of judgrru‘ni, as i’re*- 
({ue*ntly, sands ditlVi'ing very materially in physical e*duu*a<*i(‘riHjics 
will make <*qnally goexl concn*i(*, (hxxl sand cannot l)e* (‘asily de‘tim*d, 
or an intlc‘xil)Ie spe‘<*iti(*ation written, as sands of various propertie‘s 
may make* eepially as good concre'ic*. The* value* of sand for concr(*te 
de*p(*mls larg(*ly on its c(mrse‘n<*SH, gradnntiejn in size of the* grains, 
and cleanline'ss. The* best sand is that which, when mixe*d with c(*ment 
and water in the rt*ejuire<l proportions by weight, prexlnccs the least 
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volume of mortar (see page 100). Care should be taken in the selec¬ 
tion of sands to exclude all those wliicb have come in contact with 
acid or alkali solutions. The selection of sand or fine aggregate is 
of as great importance as the selection of the cement. Indeed, if one 
does not know how to select either good cement or a good sand, he 
is in greater danger of going amiss in the selection of the latter than 
the former; for the cement has been placed upon the market by a 
manufacturer who has a reputation to establish or maintain. 

Too little attention is given to the matter of sand and frequently one 
is allowed to be used which is absolutely unfit for the purpose, siinidy 
because there is no better to be had in the vicinity. Sometimes the pro¬ 
portion of cement is increased to offset the poor quality of the sand, 
but while this.will in many eases help materially, there are many sands 
which are so bad that no amount of enriching will produce a good piece 
of work. A large percentage of unsatisfactory concrete is due to poor 
sand alone. Some sands are beautiful to look at, but as far as securing 
any amount of strength is considered they are absolutely worthless. 

Inspection of Sand.—The inspection of sand will allow of neither 
neglect nor carelessness on the part of the inspector. 

Specifications for Sand.—Specifications usually prescribe that the 
sand shall be clean, sliarp, coarse or large-grained, free from (day, 
loam and all other vegcdable matters, and, if considered necessary, 
washed.’’ However, it is not essential that the sand be sharp and 
angular or that it be absolutely clean. In fact, the phrase clean, 
sharp sand,” for so many years a stereotyped form in specifications, 
is now obsolete. Sharpness of sand is of little value except when 
it indicates the presence of silica (see page 94). Cleanness of sand 
is also disregarded by many engineers, who permit the presenc(‘ of 
clay or of loam. Some authorities assert that in particular eases at 
least, and within certain limits, unwashed sand and the admixtun' 
up to a certain percentage of clayey material are positive advan¬ 
tages; the quantity allowed is from 2 to 10 per cent, some autlu>riti(‘s 
allowing even 15 per cent. In rich mortars, clay or loam may prove 
detrimental; lean mortars may, however, be made m(')re demse by a 
small percentage of clay or loam (see page 91). The inspector, how¬ 
ever, must be governed by the requirements of the specifieaiioim; 
liis duty is to determine whether the sand employed meets the re(iinre- 
ments of the specifications and to see that only sand of the specified 
quality and character is used. 

The author would prefer that all specifications should state that 
not over 5 per cent of clay or loam should he permitted in mortar or 
concrete for reinforced concrete work, as these impurities have a 
tendency to fill the small voids, preventing the cement from flowing 
in, and thereby reducing the adhesion between the cement and tlie 
aggregate, or the cement and the reinforcement. 

G-ENERAIi BEQUIEEMEHTS 

Pulverized or crushed stone, gravel screenings, powdered brick, 
slag, or coal cinders may be used as fine aggregate, provided it has 
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no eirt‘<*l upon iho dui’nbiiity oi* the eenientiiig’ material and is not 
iisell.’ liable to deeay; but natural sand is by i'ar the most eotnmon, 
althoui>'h erushed stone and '^■ravei screeninj^’s are olteii employed 
and are in some rc'spcads beticu* than natural sand, (iood sand and 
ser(‘enin^i;’s beini>' an import ant elertumi in the iuakin<>' ol a ^ood eon-* 
er(‘t(‘, the foUowinj^’ (diaraet erislies should be re(|uired: 

Quality of Sand.—Tlio (piality ol* sand use<l is only seeoiul in 
importanee to the <{ualiiy of tlu‘ eenumi. It is the sand with wliieh 
t!u‘ e(mient eonu's in most intimate eontaet, and thei’erore upon the 
((uality of th(‘ sainl d<‘ptmds lar<^'(‘ly tlu‘ el’licdeney ol* the ecuncmt.. To 
b{‘ suitable for use in ruortai or eou<n*(d(‘, tlic^ sand should consist of 
trains of any rmahu'ately hanl rock t.hai is peid*(‘ctly sound; that is, 
the 14'rains should be eomposcal of durable niinei’als. Any sand show- 
iu'jr any indications of cluunical dt‘ca.y should be un{a)nditionally 
r<\j(‘ctc‘(L Sand should also be fia^e from dirt, slime, vo.e'elable malt(‘r 
ami otlier evident impurities. .However, it is not absolutely esstmtial 
(hat the sand b(‘ perHadly (dean. Wlum acid or alkaline solutions ar(i 
pr<‘S(mt in .sand, th(‘ sand should not bi^ us(‘d. The |Ji*ra<lalion of the 
sizes of tlu‘ i^Tains should be smdi jus to f>‘ive Ji minimum of voids, i. (u, 
int(‘rsti<a‘s lad-wcam tb(‘ i^^rjiius, Jis numtioned on pJi| 4 ‘<‘ HcS. 

Quicksand.— Do not us(‘ “((ui(*ksjui<H^ (sjind tluit is worn round 
jind very tine by tin* mdion of wjil(‘r) for mjdvin^Lif mortar or conciud.e. 
This sjuid is (uisily disiiiiymished, jis in the pih^ it is continually 
runninir down, Inns imikiuu’ a v(‘ry Ihil pihu Hood coarse sand cjui 
be cut down in Hu* pih' with a p(n*p(‘ndicular fac(‘, but this cjinnot be 
done with (juifdvsand, jus it slid(‘H lik<^ so nmny round bjills. (^uic.k- 
sjuid may jdso bc‘ distin^uislual by its vcny snmll, round pjirtich'S, 
some of th(' particdes b(‘in,e: almost a ixnvdju*. When us<‘d in mortar, 
(juic'ksjind will stdtle to th(‘ boltom jind lh(‘< mortjir luis lo b(^ con¬ 
tinually rnixtul or ttmipenal. SjukI (»f this kind will make a very weak 
mortar or concrcd e. 

Sea Sand. In doin^^ concreb^ work with sjind taken from the 
stuishortu ijikc’ tlmt the sjind scdc'cted is s(‘cur(ul from a point 

u(dl abov<^ hii^'h tide and suilicitmlly fair Ixdow tli(‘. surfjic(‘ of the shore 
or bemdi to ntlmit of the salt b(dn.u' tiltercMl out. In otluu* words, sea 
sand, if nstsl, should Ix' fr(*ed fnnn salt, otherwise' tlu' sjdt will work 
out to tlu‘ surtaec* of the concrc'tct ami midee a white stnin; that is, 
the conendi* will elllorc'sce (see Art. dl), as siui sand contains jdkalhx^ 
willH tlmt jiilnict and r(dain imfisttire and cjiuse (‘lllort'sccmce. ’'Phis 
c'llloresccmce is md jit tirst apixinmt, but bc'cornes more' marked jis 
time ^^tx‘S on. It cam lx‘ removed, temporarily jii least, by waisliin^^ 
the surface' in very elilutt' hydixxddoric. aei<l (sex' pa^*e IMT). In nuu'inc*. 
eoiistruction this objixdion does not aipply, and sea sand is almost 
inviiriaddy usexl, Sjdt dtx's not alTect the strt'n^lh. 

When sen sand is usexl for pljisteriu.u* or any work when' tin' sadt 
IK lialde to eonu' to tin' surfuee ami show, it sliould b<^ thoroiiyddy 
wjisIhxI in frc'sli waiter. In faet, it is yu'iH'rully unwise', lo use sand 
from the seashore in ctmende', unh'ss it is first waished to frc'e it from 
fix' Hjili. Thin n-mlation fornm pari of tlic i^mvernmeni specdticaiiioiih 
for concrete work. 
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Sea sand should not be used in reinforced concrete, as it will 
cause corrosion of steel reinforcement, unless thoroughly ,washed. 

Character or Mineral Composition. —The sand should be of hard, 
dense, tough material. It may consist of grains of almost any 
moderately hard rock that is not liable to future alteration in the 
work. Sands formed by the disintegration of soft rock, like slate, 
shale, or rotten’^ stone, are not suitable. Sand should preferably 
consist of grains of silica, but a considerable proportion of other 
materials may be present without detriment. Silieious quartz sands 
are the most durable and unchangeable and give the best results, 
although sands ground down from any durable rock will answer. 
Sands which consist largely of grains of feldspar, mica, hornblende, 
etc., which will decompose upon prolonged exposure to the atmosi)here, 
are less desirable than quartz, although after being made up into the 
mortar or concrete they are virtually protected against fuifher de('om- 
position. Mica is a very objectionable constituent, a small portion 
causing a serious reduction in the strength of mortar (see page 92). 
However, as a rule the physical condition of the sand is of more 
importance than its chemical composition. 

A clean quartz or silica sand, if the grains are of suitable sizes, 
nearly always gives good results, but on the other hand, tin*re are 
many really excellent sands which contain quite a considerable amount 
of hard limestone particles. 

Sharpness or Shape of Grains. —The common requirement of 
^^sharpness of grainis unnecessary. By a sharp sand is meant one 
composed of rough, angular grains. Silieious bank sand is usually 
sharp; river and sea sands have rounded grains. In the past all 
specifications have called for clean, ^‘sharpsand, in spite of the 
fact that in many parts of the country where sharp sand is not ()l)taiu- 
able, sand with rounded grains is furnished and used with perfect 
satisfaction. The shape of the grains of sand is of chief importance 
in the influence that the sand exerts on the percentage of voids. 
Obviously, a sand Avith rounded grains will compact into a more dense 
mass than one whose grains are angular or flat like particles of mica, 
thus giving a smaller percentage of voids. Therefore, the more 
nearly the grains approach the spherical in shape, the more dense 
and strong will be the concrete. 

Contrary to common opinion, it has been proven by com})aralive 
laboratory tests, under conditions as nearly as possible identical, lliat 
sharpness in sands is not essential for good concrete, and that round 
grains give greater density and equal if not greater strength. In fact, 
the highest tests with cement have been obtained with sand having 
rounded grains with a dull surface. However, while the round ness 
of grain may exert a certain influence, it is of much less import ance 
than the size of the grain. 

In the event of selection between round or angular grains, prefer¬ 
ence should generally be given to the round-grained sand, as it packs 
more closely, affords no opportunity for bridging, and gives a mini¬ 
mum percentage of voids. Sand composed of round grains makes 
quite as strong mortar as does sand composed of angular or sharp 
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gruiiis. 'Phis Fart must be earcFully remcmberedj as it is contrary to 
the eoiiinioii i)j)iiiiou on the subject. 

Size of Sand. Sand may be classed as coarse if it is retained on a 
si(‘V(‘ IiaA'iiijL*' LM) \vir<‘s to tlu‘ iiicli; it may be classed as tine if it passes 
tlirouyh a sieve liaviu^’ dO wires to the inch; and from 40 to 00 wires 
to the incb, vmy tine sand. 

G-rading Sand.- -Sand may be hard and clean and still entirely 
unlit tor use in concrete work of any kind. It should be well graded 
in siz<5 from coarse^ to liner-d'rorn “pea^^ to ^^pin-point.’' Sands as 
tb(‘y come From tlu‘ })it, riveu’ or staishore are rarely graded properly, 
rcMiuiring eillim* admixlure oF some coarser gra<les or separation out 
oF souu‘ oF till' (‘xct‘ssivi‘ly line material. Occasionally a sand will be 
Found sullicieully well gratled naturally, re(tuiring no correction, but 
such ([(‘posits iiro (‘xtremely rare, and even the best dei)Osits will be 
Found to vary coiisidtu-ahly as the excavation advances. The user 
will iiuu’eFort' iuhmI to l)e on the constant look-out and be prepared to 
niakc^ coutiuuai nuidjustuumt oF his proportions. By a little mixing 
oF tin* coars(‘ and lim* matcuaal one can soon determine what proper- 
lion oF tlu‘ two will g'iv(‘ tlu' d(ms<‘st mixture, and then the two 
mattu’ials can b(‘ luixml by nuxistire in their natural state. 

A sand (*omp(>s(‘d oF luu* and coa.rse grains mixed is to be pre- 
Ferr(‘d, t)(‘caus(‘ h'ss (MmuMd will Ix' ixuinired to till the voids; as 
b(‘t\\{*t*n a <*oars(‘ and a tine sand ot' one size of grains, the coarse sand 
is tin* bet ten*. In other words, to s(‘(mr(‘ a minimum of voids, a mixed 
siz(‘ oF grain From line to (*oars(‘ should he used. Such a sand is 
luhUu' than on(‘ having grains oF uuiForm size, and gives as great or 
greal(‘r sirtuiglh tliau a coarst' sa.ud. The best graded sand is one 
in wlTudi tlH‘ grains {u‘i<l on a, uniForm series ot‘ sieves (see page 101) 
ar(‘ so ai’rnng(‘(l that ih<‘ voids in one lot are tilled, and not overfilled, 
by tli(‘ grains iti tin' luxxt smalhu* size, and so on. Such a sand has 
tin* npp(‘ari(nce oF a vtny coarse sand, as the amount of fine material 
is small. I'hc heilm* the sand is graded, the hvss superficial area, 
am( llH‘r(*lor(‘ tin* IxdBu’ it will he (soaXcul and the stronger the cou- 
er(‘t(‘ it will make with a givam (juantily of cement. This grading 
should lM‘gin with large* gruitis in ord(‘r to limit the surfaces exposed 
to (‘(’incnt, ami still llu'sc' grains must not he so large that the voids 
will not )h‘ tilled with the snialhn* partich‘s. On the other hand, too 
many tine |>arti<*I(*rt n!i(l(‘siral)le. 

It is yoty impoi’tani that tin* sand 1)0 well graded, for upon tln*- 
cloK(* packing oF the grains depends largdy the elliciency and ec'.onomy 
of (he mixlurt*. Tin* coarse grains sliould pnxlominate. However, the 
saml should not contain an unrt'asonahle amount oF coarse particles. 

Mesh Composition of Sand. "-Tin* largest grains should pass, when 
dry, a scn»en of ^ i-in. m(‘Hh, and in such proportion that the voids, 
as*d(*termiiH*d l)y satunilion (see page Ih)), sliould not excauMl 33 per 
(*ent of (In* (*ntire volume*. At least 75 per cent of a sand should 
Ih* retained <m a 40mesh si(‘ve w’ith the particlc*s wmll distributed 
lH*IW(*(*n I hilt size and (lie size* passing a 4-mesh sieve. No more 
than I per <'rnt of lim* amjiM'gale* should pass a sieve having 100 meshes 
p(*r liin'al iueh Such a sand will have much less total surface than 
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one sand made up entirely of fine particles and presenting a very 
much larger surface wliieli must be covered with cement than either 
of the sands above mentioned. The total superficial surface of a 
given volume of spheres one-eighth of an inch in diameter is four 
times the surface of the same volume of spheres one-half an inch in 
diameter. 

Some specifications require that the mesh composition of fine 
aggregate shall be such that at least 60 per cent, by weight, will pass 
a 20-mesh screen, not more than 85 per cent will pass a 50-mesh 
screen, and not more than 15 per cent will pass an SO-mesh screen. 

Laws which govern the effect of the sizes of the particles of 
the aggregate upon the resulting mortar or cement are not yet clearly 
formulated. 

Use of Fine Sand. —sand containing more than 30 per cent of 
particles that will pass a No. 40 sieve is a fine sand and is generally 
undesirable, and should be avoided (it is dirficult to mix evenly, and 
this usually leads to poor results). Fine sand, however, may be used 
alone, but it makes a weaker concrete than either coarse sand or 
coarse and fine sand mixed. In other words, fine sand produces a 
weaker concrete than coarse sand, but a mixture of fine and coarse 
sand will surpass either one, as mentioned in a previous paragraph. 
Such a sand should be used only after careful study of its behavior 
in mortar. A fine sand may show up well if the grains are well 
graded. Fine sand should never be used where concrete is to be laid 
in sea water, A very fine sand, or one containing an excessive amount 
of fine stuff, is hig'hly undesirable, as it makes a weak concrete, and 
should therefore be avoided. If there is a large quantity of fine sand 
handy, get a coarse sand and mix the two sands together in equal 
parts; this mixture is as good as coarse sand alone. 

If only fine sand is available, its weakness may be counteracted 
by the use of a large proportion of cement. A mortar consisting of 
very fine sand and the same cement will not be so dense as one of 
coarse sand and the same cement, although, when measured or 
weighed dry, both contained the same proportion of voids and solid 
matter. In a unit measure of fine sand there are more grains than 
in a unit measure of coarse sand, and therefore more cement will be 
required, as there are more points of contact. Fine sand reciuires 
more cement for a given strength and more thorough mixing. Objec¬ 
tions to the use of a very fine sand may be stated as follows: (1) 
large percentage of voids in the material, requiring an excessive 
amount of cement as filler; (2) large surface to coat with cement, 
the amount increasing as the square of the size of grain, requiring an 
excessive amount of cement as binder; and (3) a crowding apart of 
the sand grains by the cement not being sufficiently larger than Ihe 
cement grains themselves. 

More water is required in gauging a mixture of fine sand and 
cement than in a mixture of coarse sand and the same cement, or in 
a mixture of coarse and fine sand. With very fine sand tlie water 
forms a film which separates the grains, thus producing a larger vol¬ 
ume having less density. 
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Miii‘ sand should not l)C‘ used for coiicu'etn, even i£ it gives good 
ivsults, unless tlierc^ is eoarse sand mixed with it. ii* very line sand 
is the only kind available, the mixture must be excessively ficli in 
(nmuad, as numtioncal al>o\‘(‘, and a smaller quantity oi* the sand in 
{)rop(»rtion to the* brokc^n stone or gra.vel may be used. The use ot: 
tiiK* sand Tor ('oneredi* is deprecateel where the concrete will be highly 
stri‘ss(‘d. 

Use of Coarse Sand.— Coarse, sand is preferable to fine or mixed; 
the <*oars(‘r, the l)(‘tiei% if tlu‘re is suHicient paste to till the voids. 
The* stremgth of the mortar deptmds upon the amount of ])aste. If 
less tKist(‘ is used, a, niixe<l sand is Ix'tter than one composed of grains 
of unirorm sizi*, since^ tln^ stnall gra,ins will a,ssist. in tilling the inter- 
siiet‘S or voids ladwtHui tlu^ laig<‘r oiu's, and thus decrease the amount 
of past(‘ n(‘cessary to niakt^ a homogeneous mass. A very coarse sand 
gives tin* giHaiti'si strength in concrete, l)ut wlum the proportions of 
saml (‘XC(‘(‘d 2 parts to 1 ot‘ cement, a sand of mixed grains, tine to 
coars(‘, with tin* coars(* pix'dorninntiiig, is pr(‘r(‘rable, as tlie tiiio sand 
Indps to till thc‘ voids in the coarse sand and mak(\s a moix^ demse 
and less jd^sorlamt mortar. In other words, coarse sand ])roduces 
strongc*r mortar than (im* sand, ])ut to reiuler concrete impermeable 
(see Art. d7) a (*c‘rtain aniomd of tim^ sand is luxx^ssary. 

Coars(* sand is prtdVrabh^ to fin(% sinc.(^ (1) the fornuu* has a stnaller 
surface* area, than a numb(u* of tine grains of ecpiivalent volume, so 
that it will be coatexl with tiiu^ sand, with the sanies (piantily of 

c(‘m(‘nl; that is to say, coarse sand has less surface to be covereul 
and lumc'c* rc([uir(‘S less (Mumud ; and (2) tin*, coarsen saaid reepures less 
labor to till llu* int<‘rsiices with c(‘m<mt. For getuu’al work, how<'V(‘r, 
a mixed sand is lH‘t(cr than (‘illunx b<‘caus(‘ of a bettor gra,dation of 
pnr‘ti<'l<‘H and a ('ons(*<pi(‘nj lowcn* peux'emlago of voids. A coarse* sanel 
tnny sliow up poorly if there are ioe> few tine^ part.i(*les to till the*, voids. 
If a good coarse* sand is ned. available*, almost any si/.e of sa.nd may be 
<*tnpIoy(*d, proviel(‘<l a suflici(‘rd proportion of cemiemt. is nse'd as me‘U- 
titu'd for tine* sand; though in this case te^sis shoulel be made to see 
that the* nandar or conc're'te* sets and hard(‘ns propendy. 

(‘(Hicre*t(» made* with coarse* sand shrinks l(*ss than that made with 
tint* sand. 

A ve‘ry ceairsc* sand, en* eau*. ('ontaining an e.xce'ssive amount, of 
the* maxinuim si/.e graitis, is very unelesirable*, for the following 
ri*asons: (!) that it r(*(iuires an (*X(*essive aniount of c(*m(‘ni, tha,t is, 
it is‘*ce*nt<‘ntdiungryanel (2) that it allows or renpures the cenu'nt 
grains to be biinclH*d t()ge‘tlH*r, thus elecre^asing their r(‘lativG eniciency 
and tlH'rewitli fbe* Htn*ngth. 

CleaimeBft of Sand (Foreign Matter).— Uy a e*l(‘an sand is meant 
erne* wideds, if simke*n with wate*r ii\ a boitlej and allowed to settle, will 
If*avc im senm on the surf'aea* of the* water and no laye'r of tine mud 
on the* surface* of tin* sand (se*e page tlb). fn other words, by cl(‘an 
sand is meant I hat which is free* from clay, loam, or foreign matcudals. 
iruf*r anel segi ^amls, if not atTect(*d by the H(*wag<^ of cities, are usually 
e'liaui. The pr«‘<e!ic(* of dirt, c»rganic loatn, mica, (‘tc., is decidedly 
biJurbmH and le*n<!M t(» weaken tlie resulting concrete. 
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A ('rilcM'ion (»!' ('Ic'aiiiu'S'^ t^l’ sand is tlie IrtsMloiu «d its irrulns 

From stic'kiim’ lo^-tn Iit‘r. Tim sand may fm coar^a* or lino, hut if oatdi 
i^i’nin aidmits ot‘ hcinu' wholly rovm\‘d uilli n Him of (arnmnU tin* 
moriiir will h<ivt‘ tim slrtmi’dli oF (lu* cammiit. U\ ho\\r\i‘r, smrral 
yrains jidhinH* toy’dlitn’sfi-onyly (monuh so lhal timy iim md Si‘paralrd 
by the planless td‘ mixiny the moi’tair or (amercde, it is e\i«!<'!!t tlnit tlu^ 
spot in the mass whm’e this lump is will ho no stromitn* tliaii the Inmp 
itstdF. The mat (‘rial eauisiny |h(‘ sand to stick (ouelliei- may la* (da>, 
a tilrn oF silt, oryanie nuittei*, oil or eliemieals, hnt it* el!t*(‘ti\e f‘mH!eh 
to hold tlu‘ yrains together till tlu‘, etmerete is plaeed, it will ennst‘ a 
W(‘ak nuehms in tiH‘ matcndal. 

Th(‘ ditTenm<M‘ hetwinm elay ami haim slontld ht‘ nottal, Hotli are 
linely dividcal mat (‘rials, hut tlu‘ elay is ptnvd(‘r irround off roeks and 
j)ould(‘rs, and is thus naturally nHiniti\e to hotli fite sand and tin* 
(‘(‘rnent, vvhih' ihc‘ loam is a mixtnri* of \(“ 4 etahle mold. 

Some (‘nyiiuHU'S recfuire tiiai sand shall m»t (’onlaiii cdiiy (»r loam 
to thi‘ extent oF imna' than 1 ptU’ cent whmi n.H(*d F(n* reiiifoiaanl mm- 
erete work, and shall he ahs(dut<‘ly Frta* From aii\ otlim* foriden 
inutt(‘r. An addition (»F elay and (so»ealle«l) loam t(» saml, houe\n\ 
has h(‘(‘n Found in many iiistamaxs prinlui’e an ii(*iiia! i!n'r(‘a'-e in 
str(‘nLrth, Th(‘ sup{M»sition is that it is heeaime oF the \(dils hriiiy 
mor(‘ iHudVetly tilled than iF the sand worn eh-aii and sharp. 

Th(‘ (smtaminatitm pi'miissihlc* in any partienlar dep«*iids 

upon th(‘ eh‘anness of the sand available and upon the diHieiilly of 
ol>taiidiiy perFcsdly el(‘an sand. Tin* permi-'^ioii to ^iiiid with a 
small pereiuitaye oF impurities is apt to b«‘ taken athiiitfiiee of in a 
danyerons inanmn*, For (‘xe(*pt wlunx* silica is pri^stml, loam comd'ds 
lary(‘ly of \(‘‘r(*taihle mold, which should he iniardeil airaimd. Tlie 
sand must l>(‘ Fi’ct* From (pucksand, mitai, sticks, or ormiiui' 
and ollu‘r ittipuriti(*s. Thes(' timd to retard the proper Heitim*- uF 
(h(‘ etnnenf and d{‘stroy its ndh(*sivc» (pialify, rnder no idretitmdam’es 
should sand contain rticn*c» ilnui 2 p(‘r cent of pin'ishahle in.it ter, nor 
tmouyli clay or loam to n*ndc*r it unsuilidde for tin* w«*rk. The saiul 
tnay contain occasional pi(‘ees of Hniall ynivf*!, Siiiid rontainiie* mica 
shotdd h(» rc‘j(*cf(»d. Slimy sand is had, fi»r fin* oi»/.i* pon'eitlH the 
e(‘nu‘nt From eoatiny tlm partieh’s. Wlieii if in foiiml iieei*MSiir\ to 
use dirty sand, the sfnmytli oF the conerete slnaild fa* fe.Mfnh ITidiU* 
no eonsid(»ration should tln‘ sand eoiitain niitiiy leaves, sfniw, piipm*. 
shnvinys, chips, etc. Tfie sand may he moist, hiit iio! met, 

Thc*n^ is, how(*ver, amdlier eonsiderittiom imlepeiidtaif of tin* (|iieM^^ 
lion (d* strenyflu flmt may decide a *-and’s lltnes^ for tlie ivork at 
hand; nanudy, tlie surface* thuHli nsiiUHnl. !mpiiriti«*s in the siiml, 
which may imt impair tin* sfremdli in tin* slinfitesf, yet nniy prodnre 
imsiyhtly d’seoloration of the surface, and flierefori* he For 

snrFac(* work (sec* Art. HOT No snml ‘-Inmld he iist*d for the oiif*ddf^ 
finish of any conerete which contains Hmall parfich»s f*f cmii! f»r Fi'mite, 
althonirh sand of this eharaefer may hi* used in tlie interior of 

heavv pi<‘ces of eoucrede work. 

Mineral or Inorganic Impurities.’ t^aml should init confuin miicli 
inorganic* eartli of a H(»ff mitiernl nature, suds as wilt or clii>. Fine 
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mineral mat U'r in small proportions may actually xesuli in increased 
slrcn^'th, bul (‘xccssivc (piantitics of silt or clay may be a possible 
source' ol‘ \vcakn<‘ss. II' (his t'orci.u'n substance is in (he shape o£ 
lumps, it is cspc'cially harmtul, a,s these will make weak spots in the 
coiu'ri'te. Lumps should be eliminated by sitting* in ])rel‘erence to 
washing. 

Some inorganic mattcu* is very de(rimental, for example', the 
slre)ng ehiemicals from matmCacturing i)biuts which im})reguatc the 
wat er of many of our si realms ami rive-rs ami reneler their water 
unlit te) drink ami uninhabitable ibr tish lil'e. Sanel from botte)ms of 
streams inte> which ediemical or mauiil'acturing wastes arc dispe>seel ai‘e 
always e)pe‘n te> de)ubi. Such saml is liable te) be fouleel ami reeiuire, 
al(he)Ugh seumiingiy clean, carel’iil wa,shing with fresh, cleaui water. 
Salt sea-be>ttotti sanels ar^' alse) e)pe‘n to objeedieyn fe)r a similar reasoti, 
the' inevitable salt in this case probably bc'ing magnt'sium sulphate, 
widedi re'acts in.jurie)usly with the cement (see page (12), ca,using it te) 
swe‘11 and l)lo\v. The', inspector shouhl asce'rtain and re'port the^sei .facts 
to the ('nirine‘e*r, 1‘or such samls tie'cd (e) !)e watchcel very cared’ully, as 
ve'rv rtiany time's (‘ailures e)f ce>ncre‘te structure's scoreel against the 
ce'nu'ut nrci in reality due to (Jie cpiality of the saml. 

Silt up te> 5 p('r cent will not, as a general rule*, affect the strength 
of the' re'sulting ee)ncr('te, but the saml shoulel not contain more tluin 
10 pe'r e*(*nt ed' silt, exce'pt whe're actual t('sts imlicate that the saml 
pi‘e)pos(‘d is ns i»'<hkI as the average sand generally used in the) le>eadity 
%vheri* the* work is bedtig exc'ende'd. The sand shoulel ])referahly e'on- 
sist of less silt and of a combination of all sizes—not all tine e)r all 
(*e)arse‘. An c*ngim'<'r should make brieiu('tt('s of the eliffere'ut classes of 
sands on his we>rk (see page 101), in e)rder that he will be certain 
wlu'ther e>r not iu* is warratde'el in acce'pting satiel with a slight exce'ss 
of silt rallu'r than a fiiU'r or poorly gradc'd saml which ce)mes well 
within tlu‘ s[as*itications as to silt. If the* silt, does m)t exceeel 10 ])er 
ce*!d. <d’ the* wbe>le* mass and is not ve'ge'table mold, the saml may be 
used (silt has h<*(‘n found to eordain m*arly 30 pe*r ec'nt of ve'ge'table 
matter). If, howeve'r, saml is silty to any sueh extemt, eare must 
bt' tnktm that the work is el(*nm*d ev(‘ry morning (see Art. 27), fe)r 
if (his Is not elom* th<*r(‘ will arisen to the surfaee of each day^s work 
a soft, slimy substance*, which has no strength and which will form 
strata of <if*marcation b(*tw(‘(‘n the sucee'ssive ce)nrse*s. On waUw- 
prejotirgr wejrk, as a nde*, a large pcrce'tdage of silt is elesirahle, n[) te), 
say, about 15 p(*r cent; but facing work slundd m)t, as a general rule, 
eontain ov<*r 5 per ce*nt, as tin* greater the amount of silt in the 
eoneretc*, the greateu* amount of Hlime there will be carried to the 
fare work. 

Olay, if prc'sent, sliould be in a v('ry finely divided- condition. 
Where the elay is in lumps, it is impossible to obtain a good mixture 
without the most laborhuis and painstaking mixing proe(‘ss. A lump 
of elay means a wt'ak spot. In otlu'r words, elay in lumps is very 
undesirable, for these, lumps ])an up the mixture, inletdere with the 
coating of the parfieles with ee'im'nt, and produee soft or ^L'otien^’ 
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spots in the concrete. Clay should not be permitted in sand for use in 
sea water. Good clean sand may be mixed with sand containintj^ an 
undesirable amount of clay and the mixture made acceptable by this 
means. This would be preferable, in some eases, to washina: and 
loosing the fine particles. If sand is ignited, clay will be broken up, 
and to some extent burnt, and thus rendered less harmful on account 
of being more durable. 

Some time ago the author had occasion to examine some concrete 
work where the cement had been previously tested and accepted. It 
was at first difficult to understand why there were weak spots in 
numerous places in the work, as apparently all the materials were 
first-class and weather conditions were favorable. Finally a careful 
examination of the pile from which the sand was being used showed 
places where hard lumps of clay existed and the evidences were that 
these clay balls occurred in pockets in the sand pit. Afterwards a 
number of pieces of concrete were broken open and lumps of clay of 
appreciable size were found in almost every ease. In this particular 
instance it would have been almost impossible to have obtained a 
suitable sand by any ordinary process of washing. 

Mica is an objectionable element in sand, especially for surface 
work, as the little fiakes fioat up to the top and cause the surface to 
dust and peel. Sand containing much mica is apt to be weak, as mica 
will not adhere well to the cement (see page 92). 

Considerable difficulty has been experienced in certain parts of the 
country, especially in the oil regions, arising from the use of sand con¬ 
taining traces or small amounts of oil. Some time ago the author 
had occasion to examine sand from that locality and it seemed almost 
unnecessary to make any tests to determine its superior qualities. 
It was almost perfect as to gradation of sizes, apparently clean and 
in physical appearance, in fact, a most excellent material. On making 
up tensile tests, however, in comparison with Ottawa sand, the strength 
of the briquettes made from this sand and cement in the proportions 
of three parts of the former to one of the latter, was just about one- 
third that obtained from the Ottawa sand mentioned mixed in the same 
proportions with the same cement. It was finally discovered by 
chemical analysis that oil was present in the sand and while the 
amount was very small it was sufficient to prevent proper bonding 
of the materials. This was demonstrated also by extracting the oil 
from some of the sand and repeating the tensile tests, when a most 
excellent result was obtained. Unless one is on the lookout for this 
sort of thing it is easy to see how considerable work might be done 
before the trouble is discovered. 

Vegetable or Organic Impurities. —Organic dirt is composed of 
vegetable matter in a state, generally, of decay. Loam is an example 
of organic dirt. Sand containing vegetable matter is of doubtful 
quality, as a small quantity may sometimes prevent hardening; even 
in amounts as small as 5 per cent, loam may prove detrimental. 
Vegetable matter will coat the grains of sand so as to prevent adhe¬ 
sion of the cement, and also retard the setting. Loamy sands, there¬ 
fore, being used with cement, if used at all, will generally require 
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carel’ul washiiii;’; or siu'li sands should prove satisfactory by tests 
befoi’e usin^’. 

Dirt in sand should be viewed with suspicion. Natural sands are 
seldom found inixt'd with soil, unless it be for a smUll depth on 
top of the bed. The <lirt may have })een incoi’porated into tlie sand 
as a 1 ‘esuli of handling’. \’ery often v(\n'eta.ble impurities in sand 
are washed down into {!k‘ bank or pit from the soil above. Sand 
must be free from any kind of ori^’anic substance, such as roots, leaves 
and straw. 

Color of Sand. —All saaul used in concrete that will be exposed to 
view should be of a briL*'ht, uniform color. Dor most above-ground 
work, (‘spcH'ially (‘xteriors, the lighti‘r tiu^ sand the better, and for 
a»*chilectural work a pure' whit(‘ sand is d(‘siruble. The selection on 
this score is thus one very largcdy of tr<ste (s(‘e Art. 42, page 45)0). 
There art‘ samls of all colors and slnnles, from the pure white sea 
sand to th(‘ blackish river sand and the reddish-brown bank or pit 
sand. Tlu‘ color of tin* sand niakc's h‘ss diflerence to the color of the 
tinished coticrel(‘ tlmn inight be supposed. This is due to the bleaching 
action of the cmmmt, as mentioned on page 4H7. 

\Vhih‘ lh(^ color of a sand is impoi’ianl as it concerns the outward 
appt'arancts tlu' dc'sii’ahility IVom a strength vi(‘vvpoint may be, and 
gtmerally is, in invtu'se^ ratio to tln^ order of d(xsiral)ility as regards 
appearance. 

The color of a sand is an in<li(ailion, although by no means a 
conclusive oms of a sand’s chauilin<‘ss (s(‘e i)ag(‘ 1)7). A dark color 
in sand may la* dm^ to tin* pr(‘S(m{a‘ of harmless iron salts. The 
ihdermination of ch*anliu(‘ss will usually di‘cid(‘ this point. 

Artificial Bands or Screenings. “ It has Ix'come the practice of late, 
in (‘vent of a snitabh* natural saml b(‘ing unavailabl(‘, or rcMjuiring 
an incoiivamient and (*xp(msi\'<» laud, to mannfa(d.nre the sand to 
onler, using tin* dust formed in crushing stom* vvhicli passes through 
a si(*ve having 4 mt'shes t.(» the lin(‘al ineh. (lood artiliciul sand or 
HcrcMmings may be made from almost any kind ol' i*ock t-hat is nob 
liable t{» clunnical decay, exam though it bc^ only moderately hard. 
Thes(‘ Hcn*etiings will ccnnpare V(n*y favoi’ably in grading with t.he 
best natural sands, containing, however, an (axeexss of very tine matiM’ial 
or (hisi. While scretmings are fnapumtly use<l as a su])stilul<‘ for 
sand, they are often mixed with the sand. In fact, the b(‘st n^sults 
will usually follow the Idemling of an artificial sand with some natural 
sand, the Hiime being boiii stronger and more impervious than eitlun’ 
one alone. 

Stone screenings, free from clay, constiint(*s a good Tnat(n-ial to 
use in place of Haml. In fact, practically the only substitute for 
natural saiid that is much usimI is pulveriztal stone, (dtln'r the dust and 
tiiu* screenings prcahnnsl in crushing rock, or an artificial sand made 
by reducing suitable rticks to powder. 

Gravel screenings uHually maktxs (‘xccdhmt sand. The material is 
apt to grade (pate coarse and to contain very little tine mat(‘rial, but 
the grains paek readily and tlu^ p(*rc(mtage of voids is not lik(4y to b(^ 
very high. 
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Coral sand (pulverized coral), found along* tlie coast of Florida, 
has been used Avitli satisfactory results. 

Brick dust is a good substitute for natural sand. 

Crushed marble is employed in the manufacture of some brands 
of artificial stone (see Art. 57). This may be mixed with cement 
alone. 

“Chats” is another artificial sand considerably used in some parts 
of the country, notably the Joplin district, and other localities in 
the vicinity of lead and zinc mines. It is refuse from the concen¬ 
tration of the ores and often contains some mineral. Unless first 
very carefully examined, both physically and chemically, the nse of 
“chats” should not be permitted. It frequently contains considerable 
sulphur in the form of sulphides which are liable to decompose from 
exposure to air and water, afterwards oxidizing and forming free 
acid. “Chats” from some places is shaly in character and when 
used in concrete gradually disintegrates and becomes soft. That, 
however, which is hard and flint-like and contains but traces of 
sulphur, often called “jig-sand,” makes excellent material for the 
purpose. 

For other materials suitable for screenings, see An. 11. 

An advantage of artificial sand or screenings is that the stone 
for it can be carefully selected, and that when crushed it will contain 
no injurious matter. The principal disadvantage is the liability to 
excessive dust, which would open the material to the same objections 
as to excessively fine sand mentioned on page 80. Very often, too, 
the dust will be segregated in pockets, which is, of course, highly 
objectionable. 

Stone Screenings or Crusher Dust. —Crusher dust from broken 
stone may be substituted for a part or all of the sand, provided the 
product thus obtained passes the prescribed requirements for natural 
sand. By crusher dust is meant that portion of Ihe product of the 
crusher which has been passed through a i/4-ineh mesh. Screenings 
from broken stone must be from a hard rock, so they will contain 
very little dust. Trap, basalt, quartz and hard limestone make the 
best screenings, although good sandstones, granites and conglomerates 
make satisfactory screenings. Trap sci*eenings will make the hardest 
and most durable, limestone the strongest and least permeable but 
less durable mortar or concrete. However, there is no objection to 
the use of limestone screenings for making mortar or for use in 
concrete, if the same rigid standard is maintained for them as is 
generally demanded of sand. There is as much variation in ihe 
quality of limestone screenings as in sand. In general, what ax)plies 
to natural sand applies with equal force to screenings. A soft lime¬ 
stone will not furnish a good quality of screenings on account of 
dusting. 

Tests frequently show a stronger concrete when stone screenings 
are used than when natural sand is used. In fact, the results of a 
large number of tests by different persons and different sands seem 
to show conclusively that stone screenings or crusher dust makes a 
stronger mortar than the best sand, the incr.ease in strength some- 
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tiiiH's r('n<'liiii_i 4 ' 100 [)(‘r immiI. In otlu'r words, stoni‘ s('ri‘tnuji.n>^ will 
oI‘t(‘n, ir no! in .^'(‘inn'al, show hiniior slr(ni.u'(h Ilian natural sands. 
This is perhaps du(‘ to IIh‘ variahh‘ si/.(‘ ot‘ the scu’etuiiuiis, whi(*h would 
have a less peretadau’e (d‘ \'oi<ls. 

In r(\u'ard to tlu‘ us(‘ oT >tou(‘ s('r(HUiiu,u’s in pho'e of sand, it is 
well to not(‘ that all dust must h(‘ s(‘r<s‘ned out, and tlu‘ serisaiinus 
used should (sunply with the sp(‘<‘ili(*at ions for sand as to size (d’ 
< 4 ’rains. Scu’eiMiinus art‘ liable to ('onlain an iiudiu' amount (d* dust, 
and luaie(‘ it is vtu'v important that a siev(‘ analysis of the material 
Ik‘ niad(‘ to del(u*niin(‘ (he amount aiid tlu' timau'.ss of lht‘ tlus( prosent 
(se(‘ pa.a’u Itn ). 'flu* <lust is apt to hail up hadi\’ and pr<*\'<‘tit a iummI, 
thorough mixiiiy. It also r(‘(juires inort* waha*. (‘rusher dust eon- 
iaininy parti(*h's of mi('a shouhl lu* avoi<h‘d. In passlny upoti stone 
seretmin.us in lieu (d’ sand look out for ridtmi dust. Iudtt*n ro<'k 
j^’oin.u' ihrou.u'h the erushm* is, as a rule, {U'uslu‘d to <lusl. 

S('r(*euiuys from (‘rushed stom* ('oiitaininL': all the dust (d' fraidun* 
should U(d h<‘ us(‘d as a snhstilutt* for sand, without (lu* permission 
of tin* (‘Uyinecn'. If the produ<*t <d’ tin* erusli(*r is d(*li\'ered to the 
mixer so reuulariy tlmt tin* amount <d‘ dust (as d(‘termimal h) fr(‘- 
(pauitly seriMUiiuu'samp!(‘s) is unifoi’ui, tlu* sereeninu may he omitt(*«l 
and tlu‘ a\(U'ae,(‘ p(U’e(*n(ay(‘ of dust allowed fo!' in m<*asmdmr the sand. 
If lh(‘re is an undue amount (d‘ lim* malt^idal or du^t, the ma-'^ Nhoitld 
h(‘ sereened lud’ore heine: used in <'on<'r(*((‘. In uslny s<‘rm*ninM>, (lu* 
aa'irr(‘yates should lu* ear<‘ftdly ini\(*d dry, as (dlu*rwise the Iffu* 
mnt(*rial will (*tdl(*el in lumps and impair the unifm'mity «d' tlu^ 
eonei’ete. 

Specific Gravity of Sand. - Tin* .sp(*t'iiie yravity <d* siTu ’ions sands is 
(juitt* uniformly 2.do; hnt t^Iac'inl sand eonlninin!' fraemeiil''^ (d* liim*- 
st.om*, samlstoiH*, shah* and slat(* may hn\(* a speeiti(* ‘*:rn\i!\ of IhoH, 
or ev(*n a litth* less. In tael, llu’ spetdlie y,ra\ity <d' saml rnn?‘es 
from 2.00 to 2.7th llowe\(‘r, it is siilheienl t(» assinm* tin* : fjeidfle 
I 4 ’ra\i(y <d'sand at 2 . 1 ) 0 , with litth* danp*r. 

Weight of Sand, ddu* \vt*irht of sands is cdoM^ly relat(‘d with tlu* 
<(m*s(ion of {heir d(‘nsity, allhouuh it wdll \ary also with (he eharaeter 
of llu* nativ(* roek. (^hmrtx sands art' thus irmally (In* heaiiest, oilier 
Ihinus hi'ini: effual. Dry sand weighs from M) to 12d Ih.'^. p(*r mi. ft., 
or about, om* and a half tons per mi. yil.; moist sand, jiowe\er, nemi 
pii'H nioiH' .spam* and weiedi.^ h*Ns pm* mu ft. or per mu ml. hhom 
deal«*rs" c*n(alouiu*s, hank sind is ‘ziven as welejiim*' Lho(H) Ihs. per 
eu. yd., and Torpedo sand, .'htHHi Ihs. per mu yd. A eommon wi't'dii 
assunu'd for ortlinary saml is 2,(HH) Ihs. per mu \d. Sand lunim*; v<*r\ 
laryt* and \(*ry small grains may weie:h as mtudi as I IS Ih^. per mu ft., 
or moH' than 2,(100 Ihs, per mu yd. 

Natural sands, to make eood l•oner(*l(*, as they are, should W(»i'‘h 
not h*ss than HO Ihs. per mu t't. in tin* eondition Ilia! th<*y eonu* from 
tlu* hank, and wlu‘n diiml and shaken, not le*-,s than !00 ihs. 
A .00 to loo Ihs. .sand, moist and loo>e, or a III to 121 Ihs. sand, 
dry and (*onipnel, would he still hidh*!*. 

Am'ordinir to Sahin’s ‘M'entenl and Conerefe/’ IfiOj edition, pane 
JSd, natural sand as it ord!iiaiil\ oemirs will wet'di ahoiif a-^ folh»ttH: 
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Moist and loose.70 to f)0 lbs. per eii. ft. 

Moist aiul shaken.75 to 100 Tos. per on. ft. 

Dry and loose.75 to 105 lbs. per cu. ft. 

Dry and shaken.00 to 125 lbs. per eu. ft. 

Voids in Sand.—The voids present in a given mass of sand will 
depend upon (1) the shape of the grains, (2) the degree of uni¬ 
formity in size of the grains, (3) the amount of moisture present, 
and (4) the amount of compacting to which the mass has been sub¬ 
jected. The two conditions exerting tlie greatest influence on the 
proportion of voids in sand are the size of the grains of which the 
sand is composed and the presence of moisture. 

The more rounded the grains of a mixed granular material, the 
lower the percentage of voids. Natural sand, therefore, with rounded 
grains, gives the lowest percentage of voids of any material used as 
an aggregate (see page 71). Ground quartz comes next, then crushed 
shells, and finally crushed quartzite; the first having angular, the 
second, flat, and the third, laminated grains. 

The finer the sand, the more nearly uniform the size of the grains, 
and, consequently, the greater the proportion of voids. The advan¬ 
tage of coarse sand over fine increases as the proportion of cement 
decreases, since with the smaller proportion of cement the voids are 
not filled. If the mass of sand consists of a mixture of two sizes ot 
grains, such that the smaller grains can occupy the voids between 
the larger, then the proportion of voids may be very much smaller 
than with a single size of grains. Tlie proportion of any particular 
size should be only sufficient to fill the voids between the grains of 
the next larger size. The smaller the proportion of voids, the less 
amount of cement required, and consequently the more economical the 
sand. In other words, the density of sand is a fair measure of its 
worth, since the best graded sand will invariably have the greatest 
density, or the least voids. The fitness of a sand may therefeu'e be 
partially determined by ascertaining the percentage of voids, as 
mentioned on page 98. 

Natural sands will always contain more or less moisture, so that 
in addition to the ordinary voids, such as the material would liave if 
perfectly dry, therefore known as ^^air voids, there will be mois¬ 
ture voids. In all aggregates used for concrete, except sand, the 
moistening of the material decreases the percentage of voids. This 
is because the addition of water destroys in part the arching or fric¬ 
tional effect, permitting the finer material to enter the voids of the 
larger material. With sand, however, dampness holds the particles 
apart and increases the percentage of voids, the maximum occurring 
when the percentage of water varies from 5 to 8 per cent. In other 
words, the percentage of water by weight which wih give the greatest 
bulk, corresponding to the largest percentage of absolute voids, vaiies 
with different sands from 5 to 8 per cent, according to Taylor and 
Thompson's ^'Treatise on Concrete,'' 1909 edition, p. 177. The addi¬ 
tion of more water, however, decreases the voids again, to somewhat 
less than that contained in dry sand. A dry, loose sand that has 
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‘If) per (Till vt>i(ls, if mixed with 5 per eenl (by \vei|j,'ht) oT waler^ will 
swell, unless lamped, to siieli an extent that its voids may be bd per 
rent. The same sand, it* saturated with wtiter until it beeomes a thin 
pa,st(i, may show only dS per eeiit voids arter tiui sand has setthul. 
The volume ol* sand is jj;r(‘atly atrei'ted by the pr(‘senee ot vaiy'in*;’ 
percanda^^es of moisture in tht‘ sand. 

The pere(mta,< 4 e ot* voids in sand will also depend upon the 
eompaetnc‘ss. Th(‘ de.ana* of eompaetiniic of sand is larf^'cdy dapondent 
upon the })ere(‘ntiui'(‘ ot‘ moisture whieh it eontaius. 

The pereeutai»‘e of voids in sand ran^p's from 25 to 50 p(*r camt. 
The mor(‘ unevtni tlu‘ .u'l'ains in size, the smalhu* tla^ peretmta^(* of 
voi<ls. The pt'retmtu^’e of voids in dry sand will rauire from 40 to 
45 per eent fm* a V(‘ry unifortn sand to about 27 p(U’ (amt for a (UMU’se, 
well“|i:rad(‘d natural sand, (lemn'ally the voids in ordinary iachhI 
(‘oai’se sand will rauj^e from 25 to 55 pcu’ (and, but if otheiavise 
suitable a ptnaanda^e of voids would not bt*. objectiouabbs 

provid(‘d a sonuovhat lar.m‘r proportion of eement is uscal. 

Tensile Strength. —Mortars composed of one pni*t of Porlbuid 
cenund and tlirei* parts (d* tine auert^aali*, by W(‘i^ht, vvlum uuub^ into 
bri(pic4tes (s(‘<‘ pap* 44), should show a t(‘nsnt‘ stnujgth of at hmst 
70 per (umt of tlu* strcuu^th of 1:5 mortiu* of tlie sauu* eouHisttutey 
mad(* with tin* sauu* (Hmund. and standard Ottawa sjind (sen* pap* 101 ). 

Care of Band. At the sitc^ flu* sand slnudd not b(' laid in the dirt, 
as the last of it, when slio\t‘l('d up, may ('ontain an exci*Hsiv(* amoimt 
of dirt and be* tin* cnus(* of a w<*ak Imttdi of concrt‘t(* (wm pa|Z(* 75). 

Screening Sand. 'Iln* sand should be* Hcr<*mi(‘d tt» r(»m(»v(^ I In* 
eoarsci gravel or pebbh*s, the tliieuess of tln^ Hcr(*<*u d(»p(»mUn>r upon 
tlu^ kitid of work in which the mortar is to b(^ uh(*(L For ust' In con- 
(‘r(‘le, Hct't»(*nin« 4 ‘ is not iieta^ssary, but where tlu^ sand ('ontains a 
consid(*riibh* ameumt (d’ hu(4i nud(*rial, lH‘it(*r ami mtH*e unifcumi 
(‘(‘Suits will be s(*cun‘d by sereeming and nmiixing. For such purpost* 
a ser(‘c*n is gcmendly us(*d, all maft'rial pasHintr Hindi sieve* 

b(‘ing eonHid(*r(*d as sand, or tine agirr(*pite, and all miiteriiil lurgt*r 
than this size* bidng’ elassc'd as cemrst* agf 4 ’t*<*pit(*. For met bods of 
Hcre(*uiiig sand, S(‘e page 102. Leav(*s, ntieks, Ktones, etc., should bi* 
remov(*d by Here<‘nitig*, 

Washing Sand. When impurities occur, they may munelimtm be 
rc*moved liy wasiiing, Imt Hindi work must be carefully iiwp(*ett*d if 
the for(*i|4-n mattt‘r la* of a rmilly diuip‘roUH charaet«*r lH(*e pap* 05), 
When tln^ available wind earries considerable percentiigt*^ of loam 
or clay and the Hpecilleiitiotw r(»c|uire that clean siind sliall be uH(»d, 
waHhing in nec(*HHary. If tlie sand delivered on the work does not at 
idl tinu*H conform to tin* degrem of cleaidinesH nspiired by tlie Hpeei- 
ficatiotw, it should be ivaslu*d for sncli !(‘m 4 lh of linn* an may be 
necessary to n*nd(‘r it acceptable. Hand for tine surfat^ings will in 
g(*naral napure car(*ful washiiip in order to insure fr(»«*dom from 
diwmloration and uiiifmmdty in shade. Wnsliing sand is woiili all 
the tronbb* if takes, when the wind is dirty. For nn*thodH of witsiiiiig 
sand, see page iCfl. 

Wiwhing doen ii«»| always iiiipn»\<* sand, as fin* finer part tides 
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which nuiy be ot‘ vi\hu‘ to tlie ceaipactiu^ss niul M>!it}ity <if llir 
are carried away in the pr()ct*ss. Tht* vvashinir may retianc till iln% 
inipurilies and also llic lintn* sand L*:nuiis, am! Ihcrrliy tin* 

[)(‘r cent of voi<ls, and hence wcailuai (lit* nitnlar. In tdiita u»*i»ls, 
washin,i»* is liable^ io taki' out tlu‘ fine ^!iniin.s of .Hiiud. wliicli iiro i.f 
^■reat importances as th(‘S{‘ till tin* small void> and iiiahe fitr rotirnit* 
(hmse and sti’onijc. Thai is to say, the* line strains, if not in 
lUHsled to 111! the voids of the bii*i:ei\ d'he only .nafe wii\ lt» ihTi«||. 
whelh(‘r sand ou.u'iit to be washed would be bi |e>i if uinirr Imlfi 
condil ions. 

Eejection of Sand.—-hi all cas<‘s the einjineer sliotilii deritle m In 
wludher any sand (dTercnl by tlie contnietor hball tie ii.^rd on tlie «in‘k. 
At any time, liowtn’er, if the sand, cruslied stinie or irnnel fterfeiiiiitt:^ 
d(div(‘n‘d dot^s not fully rnet‘t tlu» reejuirmiieiifs im sfiilnl hIhois h 
sliould be iminc'diatcdy rejeahed. 

Any sand or scretmins^s siiowinir sie:!is of diHiiitein'iitiiui i4|iiiiii4 ho 

nnconditionally rc‘j<‘cted. Ihs'iiyeMl particles of some kiiiih-4 of hIuiso, 
or irniins which n^adily hnsik np into fldn kciiIc^, Nhotibi fir ->4101111 
oiisly avoideak Sand or sertM'niims eoiitaiiiiiiii loer d per ernf nf tinnt 
oi* Iaminat(‘d particles may la* ri'Jce!cd at the di>*crrlii»ii id llir ciiif'i 
n(‘ius Sand must md contain soft, frinliie^ nr rliiilky pailirli-H; 
sand should be entirely discarded. The eeiticiif ran toiiii im 

adhesion to soft, yieldinic Hurfae«*s. Floury, |imiiler> itmi siitiy 
sc.rc*enin,yH slandtl be at once eoiuleiiined. Hlijili* aiiinl or nimle iin^f 
should not be used. 

If a sand is ho tine that more fliiiii 1(1 per cent of tlie fiiiiif iliy 
weight pasHt‘S a Ko. ICH) sieve, tliid is, a niine Inn iiiv l<Wl inr*dir*>i t«» 
tin* lim‘ar inch, or if more than Xt per ceiil of flie tiitiil ilfv ii*‘trhf 
passes a sieve havin»^ 50 meshes per lim*iil iiieli, it »liiiiiii| be rejeiini 
or us(‘d with a lame e\*e<*ss of cement. 

The presenee of any elay wliatMoe\er uniy be niiiwul ruf 

rejeetiom A loamy saml sliould imt be iisial: if mil limi 10.^31!!^ 
aud retard tlie set. rondemn mini for 11 iioticriilile i|iiiiiiiily nl 
balls, re.mirdlcHS of test fsee pane H2I, In ctiiiiiei’tiiiii iiii iir?%|irr|nr 
should use some Judirmenf as to flie iiiitiiri* nf ||ii» niiiil linli. Some-- 
times tin*He mud halls art* Holid eliiinks of tniiib iiini iil oilier 

times tliey contain nearly all fine cfinittA wiili uny 

HamI slionld be rejected wbicii Inw cutiie in cfiiilitrl iidili iintl nr 
alkali KoIutionH. 

Sand that will not absorb water sliotibl li«* liiiiiileii. 

Sand containimr over 45 pvr cent nf tsiil Iw* mrA !,♦ 

make mortars, Samis protiuciinr inortnrs lisviim « *»! 

thiui 7t) per cent t»f Htiunliiril Cllfiiwa miml iiioitiir ^nmbi he 

r(\jecteti. 

EFFECT OF NATOBAL IMFUEmii W mm 

It is imptiHsihlc to make :i ‘jeiicriil ^tnUmmil cillirr t*» ilir effi-rt 
that natural impuritieH in nand are liciiefieiiil or flint tlii‘y nrr tiriii 
mc*ntal. lu Htuae cases fine maferiitl iiiity be ilrrlilnlH lit-fP'flriiii. 
actin^^ as so much ffnc filler am! flierefcire retliiriiif^ fie* Ilf 

cc*mc*uf n*<|U}rcd. i>r by liclpiiitf In clf»se ii|i ilie inirr-ii, iiml |iiii*4 



SAND, CRUSHED STONE AND GEAVEL 


91 


increasing the imperviousness, while in others the fine material may 
be decidedly objectionable. The ease is covered by three conditions: 
(1) the character of the impurities; (2) the coarseness of the sand; 
and (3) the richness of the mortar. 

Character of Impurities. —^As to whether dirt in a sand is harmful 
or not depends upon the character of the dirt. The kind of impurity 
is really of more importance than the quantity. The presence of a 
small amount of clay in sand does not as a rule weaken or injure 
mortars or concretes, but it is generally considered that the presence 
of loam or dirt is objectionable. In other words, the sand should 
not contain such impurities as loam or humus, but for most purposes 
a small percentage of clay or fine rock dust is not objectionable. 

Ejffect of Clay in Sand. —^Fine particles of clay in sand, found natu¬ 
rally in the same and thoroughly mixed throughout the mass, do little 
or no harm. A small percentage of clay well distributed may be 
valuable for making the concrete work smooth, and especially for 
increasing its water-tightness (see page 430). In fact, one of the 
advantages of clay is it colloidal property, by which is meant its 
ability to puddle or merge, becoming impervious to moisture. It is 
this property of clay that makes it useful in earthen dam construc¬ 
tion, in which in the form of a core wall it forms an effectual barrier 
to the passage of water. So, likewise, its presence in concrete mix¬ 
tures, in proper amounts (see page 83), contributes to the water- 
tighness of the concrete and becomes thus, on occasion, a valuable 
adjunct. 

The presence of the clay retards the setting of the cement— 
natural usually more than Portland—and makes the concrete more 
susceptible to the action of frost (see Art. 33). 

The exact effect of the clay depends chiefly upon the fineness of 
the sand grains and upon the per cent of the voids in the clean sand. 
The benefit of clay in sand may be said in general to vary directly 
with the coarseness and amount of voids, that sand being the most 
benefited that is on the whole the coarsest and contains the most 
voids. In other words, clay is less harmful in coarse sand than in 
fine sand. It helps to fill the voids in coarse sand and causes the 
cementing material to coat the grains better and bind them more 
strongly, provided the clay is finely pulverized. On the other hand, 
a fine or well-graded sand would not profit—instead, likely be 
harmed. 

The effect of clay in the sand varies with the richness of the 
mortar, i. e., with the proportion of cement. Lean mortars con¬ 
taining clay to a considerable per cent of the cement are more 
plastic and work better under the trowel than similar mortars made 
of clean sand. In some cases clay is added to produce this effect. 
The strength and density of neat cements and of mortars containing 
1 or 2 parts of sand are decreased by even slight additions of clay; 
but the strength, and also the density, of mortars containing 3 or 4 
parts of sand are usually increased by the addition of 10 to 15 per 
cent of finely pulverized clay, and still leaner mortars are improved 
by even larger percentages of clay. For rich mixtures, on the other 
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hand, even additions of clay may be detrimental, and sett 

may be seriously delayed. 

The effect of clay depends also upon the thoroughness of mix 
and the amount of water used, for if the clay forms a coating 
the sand grains and is not removed in the mixing, or if the clay is 
such condition as to ^^ball up’’ and stick together so as to rem 
•in lumps in the finished concrete, a small amount of clay is v 
deleterious. It is only when the clay is in the finest kind of a pow( 
or, if moist, in a finely divided state, and thoroughly mixed throi 
the mass, that it has a beneficial effect on the mortar or concrete. 

Clay has been found by some experimenters to reduce the stren 
of mortar, and by others to increase it. The reason for this < 
crepancy is no doubt found in the difference in the nature of the cl 
If the clay is added to the sand, the probabilities are that it ^ 
weaken the mortar, unless the clay is first finely ground or pulveri? 
If the clay is found in the sand naturally, it will probably add 
the strength, because it is then more apt to be in a finely groi 
state. 

The ultimate effect of the clay on the life of the concreie h 
matter of doubt, even though short-time tests do show an increase 
strength because of its presence. 

No general conclusion may therefore be stated as to the dei 
ability of clay, its presence or its absence being a matter for separ 
determination in each case. However, the author is of the opin 
that clay should be regarded in general as a necessary evil,” to 
tolerated on occasion but not condoned, certainly not licensed. C 
in limited quantities (say not to exceed 10 per cent) may be be 
ficial, if thoroughly distributed throughout the sand. Before usi 
however, it ought to be compared with an established standard. 

Effect of Mica in Sand. —^In many sections, mica is found mi; 
with sand in large enough quantity to interfere seriously with 
strength of a mixture made from it. Its effect is more injuri 
upon fine sands than upon coarse. It greatly increases the amo 
of voids, and the smooth surfaces of the mica particles do not per 
of a good bond with the surrounding cement. The presence of i 
considerable proportion of mica will destroy the value of any si 
for concreting purposes. 

Effect of Vegetable or Organic Impurities in Sand.— Sand c 
taining vegetable loam shows up irregularly, frequently very de 
mentally. Impurities of an organic nature have been found to prev 
the concrete from hardening or to retard the hardening for so L 
a period as to make the sand entirely unfit for use. A very min 
quantity of organic soil or vegetable matter may produce injury, 
small a percentage, in fact, that frequently a sand which has pas 
careful inspection fails in practice to set properly with any hn 
of cement; therefore a test is absolutely necessary for any bj 
which has a suspicion of organic matter (see page 95). Vegetable 
organic impurities are, as a rule, decidedly objectionable, and ^ 
require the washing of the sand. 
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Effect of Fine Material in Filling Voids.— Lt‘fUi mortal's may be 
improviul by smull admixtures ul‘ piilveri/asl (day, as uuuitioiUHl on 
l>age 91, or by substituting dirty for (dcnui sand, provident it- is Tree 
from vegelnblt* or orminir impurili(‘s, Innmuso ilu‘ tine matcu'ial in- 
(O'eases the demsity or watm’-tightness. On the otlier liand, tlie ricdier 
the mixture, the greater the detrimental ellVet ot‘ loridgn subsiamn's 
in the sand. That is to say, rieh mortars do not rtniuire the addition 
of tine mat (‘rial, bt'eause thi‘ etmumt furnishes all tin* tine matcu'ial 
nniuired for maximum density. In many eases the addition of tine 
material to rieh mortars may be positively didrimental. 

Effect of Moisture upon the Volume and Weight of Sand.~The 
speeitie gravity of sand grains being mnirly eonstant (s(‘e page 87), 
tlie weight of dry sand varies only ns the peu'eentage of void varies. 
Moist sand not parked weiglis less than dry sand (see page 88), tlie 
difTertmec* depemding upon the size of the sand grains and the amount 
of moistur(». Ordinary moist sand contains 2 to 4 per (smt of mois¬ 
ture and will widgh from HO to 90 Ihs. per eii. ft. in normally loose 
condition. Thoroughly tamping may easily reduce the volunus and 
incn'ase the* weight 15 to 20 p(‘r c(mt. 

DBTEBMINATIONS FOE SANE 

Before eomnumeing any considerable work, all available natural 
sandn and possihli' suhstitiites, such as erusluul hUmv ami gravel 
Hcretmings, should la* exiimimal to det<‘rmiu{» tht‘ir fltm^HS for use in 
concrete. The cliariudin* of tlie sand employed is most important, 
since it vitally alTeela the strtmgth, density and pm'mammey of the 
tinished structure. Frecpietitly every carload of e(*meui is cur(‘fully 
iuHpeaded and t(»Hted; hut no test whaf(gcu‘, exci‘pl by inspcTtion, is 
made of the ecptally important ingrcsUcait, sand. Tc'sts of the sand, 
unI(*sH it c(»me» from a laiiik which has beem previously iesttal, are as 
necessary m tc*Hts of the cement. Tlie author will even go a step 
furtlu*r, by saying tluit uiih'SH the siirid is from a bank of known 
qualitif it is even more necessary to test the sand tlian to test the 
c(*ment, for the cement has hcc*n placed upon the markt‘t by a mami- 
fneturer w!io has a reputatum to eHtahlish or maintain, and greater 
eliiinees can be faken, Nrai /o ihr (rmrnif the ^and m the. imjtortant 
furtor in ttetermimn^/ the strength of the eoneretd 

The im{wwsibility of d'derminlng the true quality of a sand or 
otlier fine aggregates by mere inspection cannot lie empliasized too 
strongly. AH mmd mimt he tested. When tests arc madi*, th(‘y fre- 
(fuently are confined to sieve analyHia or gninulomudrie composition. 
While this is a viiltiiihle test for eomparing the (pinlities of dilTcreut 
fine aggregates that otlier tests have sliown to contain no impurities, it 
does not show up wmie of the worst def(*cts that occur occuHionally. 
It therefore eiinnot he relied upon alone, hut Htrcngili tests of mortars 
should also he iiiiide. 

The wsuiil detertniiiati(»ns for sand arc: HharpiU'SH or shape of 
griiln«, flneiieHs or size of grains, mineral conqHwit ion, clcunlim^ss 
or purity, weight, and iimcmut of v<»ids. 'rh(»He diderminntions idaho- 
rated and enlarged by specific gravity tests and Htrtmgih lesis of 
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mortars (tensile and compressive tests) constitute tlie usual labora¬ 
tory investigations of sand or of fine aggregates. For the purpose 
of determining the relative value of a sand as regards the size of its 
particles, two methods are in use: (1) by separating the sand or 
fine aggregate into several size's by means of sieves and determining 
the proportion of the various sizes (see page 101): and (2) by deter¬ 
mining the proportion of voids in the sands or fine aggregate (see 
page 98. Sometimes fire-resistance tests are made for sand to be 
used in building construction. Very often all sand determinations 
are made in the works’ laboratory, and the inspector has only to see 
that none but approved sand is used; but the inspector should be 
prepared to make at least approximate tests. In sampling the sand, 
care should always be taken to obtain an average sample. The 
following methods can be employed: 

Sharpness or Shape of Grains. —The sharpness of sand can be 
determined approximately by rolling a few grains in the palm of 
the hand or between the fingers (applying considerable pressure) and 
noting whether there is any cutting action, or by crushing it near the 
ear and noting if a grating sound is produced. A few grains of 
sand rubbed between the thumb and finger will by its ''feel” tell 
whether the grains are sharp or rounded; but an examination 
through a small lens is a better means. Sand which is otherwise 
acceptable should not be rejected for want of sharpness, as it has 
little to do with its value. Sharp sand is only of value as indicating 
a silieious sand. It has commonly been supposed that sand should 
be sharp (see page 78). This, however, is one of the theories wliieli 
have been exploded. Strictly speaking, the grains of all natural 
sand are rounded rather than angular. 

Fineness or Size of Grains.—The effective size of a sand cannot 
be determined by mere inspection, for sand which may 'appear to be 
coarse may contain so much fine material as to be in effect a fine sand. 
It seldom ever happens that a coarse sand contains too small an 
amount of fine material. The best method of determining the value 
of a sand with reference to its size is by means of a mechanical 
analysis made by passing a dried sample through a series of sieves 
and noting the percentages retained. The result of this test, expressed 
in the amount of sand passing each sieve, is known as the granulo¬ 
metric composition of the sand. This test cannot be relied upon fully, 
since there may be impurities in the sand that will make it unfit for 
use even when the analysis is satisfactory. The chemical and also the 
mineralogical composition of the sand also may afiect its strength. 

For analyzing sand, si-eves with the following meshes are con¬ 
sidered desirable: 10, 20, 30, 40, 50, 80, 100 and 200 meshes, re¬ 
spectively, to the linear inch. Fewer sieves will serve all the ordinary 
demands of field inspection; a No. 10, No. 20 and a No. 50 will give 
as complete an analysis as is usually necessary. Sand that is prac¬ 
tically all retained on a No. 30 sieve is called coarse, while 75 to 
85 per cent of sand known as fine will pass through this sieve. 
Material tJiat does not pass a ^-in. screen is not considered to be 
sand, and should be separated by screening. For screening out large 
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material troiu sand a sercH'u with * piiu^h openings is i»’(‘n(‘rally eni- 
ploytnl. 

Chemical and Mineral Composition. (Maanic-al tests are .generally 
unnecessary, since sands nuiy contain I’roin Tn to 95 i)t‘r cent of silica 
and still make tirst-edass ('()ncret(‘. ()n(‘ ot' llu‘ most essential lValurt‘s 
ot a ^‘otal sand is that llu‘ .grains should hc‘ pertecdly sound. Mvi- 
denc(‘s that chcmicud decay is j.\'oiu^' on in tiu‘ <i;’rains would indicate 
that the .sand is of very inferior ((uality. 

The nnn(‘ralo.aicaI ('oniposilion of sand can b(‘ (hdeuanined accu¬ 
rately only by lalK)ratory analysis. It has but sli^’ht efftad upon its 
combination with ctuneut, and nuns! authoritii's consider it of so 
much less imp(»rtance thati the physical proptudies that it may safely 
be pass(al without discussion, except to say that a sulli('i(‘ntly close 
det(u*minatiort for most purpose's ('an lx* made by visual (vxamination 
aidt'd by a ma.i*’nifyin.u' .jjrlass, by anyone rcaisonably I'amilinr with tli(‘ 
(litTerc'Ut rocks, (^uartzitca which forms the bulk of th(‘ i^’rains of 
silicious sands, is of a ylassy appcnimnct', whih' tlu* visual (letcn’mina- 
tion of basalt, feldspar and itiica is pi*a('ti('ally as taisy. 

Cleanness.cl<*anm's.s ol' sand rtiay b(‘ testc'd by rubl)in^‘ a 
litth* of Ihc' dry sand in the* palm of the hand, and aflt'r lhrowin| 4 : it 
out nolic'inu’ tin* amount of dust left on the hand. If the sand is 
dirty, it will badly discador thc‘ palm of tlu' hand. If the hand is 
mairly or (piite elc'un afh'r throwing’ tlu' sand out, tin* sand is prolaibly 
chum (uioui^'h for (‘oinu'cdtu The* cleannc*ss or purity of sand may 
also b(» rouuidy asciudained by piu'SHinji^ the sand btdwcxm tin* tiniAxu's 
while it is damp and <»hs(u*vin,u’ h<HV much <litd. adluux's to tlu'm, and 
wludher tin* sand sticks to|i'(dher. If tin* sand is chum it will not 
stick to| 4 ’tdln‘r, hut will immedialtdy i'all afuiri wlu'u tlu' pix'ssuiu' is 
rcuuoved. If the satnl sticks toiledluu’ wht'u tlu' pn'.ssiuu* is n'lnovcul, it 
is entitudy too dirty for ust* in concrc'tc*, and tin* character of tln^ im- 
puritie.H slionld be* invc'sti,i»aicd Ix'forc* tinally r(*j(*clit. 

Takinir a small iimoimt of’ sand and examiniiiiL*: it with a microseopo 
will fnufuenfly show a crust of orpmic matter on the ^^'ains wlach 
is not readily brushed otT. 

Another simple test, besides tin* (»n(* of rubbinix in the hand, is to 
throw a handful of tin* sand into wat(*r and h‘t it stand for an 
hour or two. This will <rive a u'ood idcui <»f tin* amount of forei^m 
matter in the sand. Tln^ preseinu* of dirt in samd may also be* d(^- 
termiin‘d by putting a handful of the sand in a small strainer and 
turnin)^ elenn wiitc*r on it, eatehinj,*’ tin* water in a ^ 4 lnss dish. After 
a wliile tlie dirt will H(*ttle in the bottom (»f tin* dish. 

Tins cleimni‘ss of tin* sand may la* tested (luantitativi'ly l)y shaking 
a Hiimplt* (»f the sand in vvat(‘r in a slemh*!* iiotlh* oi* a Iari*i' ti'st tube 
and allowing it to «(*ttl(* (fui(*lly, so as to approximates tin* amount 
of slit prc‘S(*nf. A graduated glass flask or botth* is pr(*ferul)Ic‘, as the 
amount of precipitate and of sand may he* read from tin* graduation. 
If any iniptiriti<*H are pn*w*nt in the sand, tlicy may separate from tin* 
sand on account of their light(*r weight, or if in a vc*ry line* state of 
division, the water may be rend(*r(‘d murky in appearanet*. Thc» 
percentage of impurities may be determined by compai'ing tin* deptli 




96 


INSPECTION OF- SAND, STONE, ETC, 


of tlie surface layer of mud with that of the clean sand. Care r 
he taken, however, that the precipitate has fully settled, since it 
condense considerably after its upper surface is clearly mar 
This test is not absolute, especially for calcareous sand, as the 
particles of limestone will give a murky appearance to the wt 
although not objectionable except on account of their extreme finer 
The percentage of impurities may also be determined as folk 
A small dried and weighed sample is placed in a vessel and stirrec 
with water. The sand is allowed to settle, the dirty water poi 
off, and the process repeated until the water pours off clear. The s 
is then dried and weighed. The loss in weight gives the quantity 
impurities contained in the sand. A modification of the above mei 
is to place a weighed sample of sand in a glass beaker, add c 
water, and stir vigorously; allow to settle for 15 or 20 seconds 
decant off the water into a vessel; repeat the process until the w 
pours off clear; evaporate the water that has been decanted off 
weigh the residue; divide the weight of the residue by the t 
Aveight of the sand put into the beaker and the result will be the 
centage of impurities. The residue may be screened through a 
100 mesh sieve to remove coarse particles which do not affect 
strength, after the wash water has been evaporated. The silt pas 
this sieve is then weighed to obtain the percentage in the orig 
sand, and then ignited in a platinum crucible to determine, a 
driving off the water, the percentage of combustible organic matte 
The following method of testing organic matter in sand is that g: 
by Mr. W. J. Douglas:'*' 

Wash a considerable quantity of sand, separate the silt fron 
then make up a special sample from the sand and silt that has 1 
separated, so that the latter sample will contain the maximum 
allo’wed under the specifications (see page 76). If the contraetc 
furnishing sands from more than one locality, it will be necessary 
you to make the test herein described from samples of each of 
localities, as will readily be seen from the nature of the test. 1 
the specially prepared sample just described and thoroughly mix 
silt with the sand until the distribution is uniform. Then tak 
small portion of the proposed sample, about three thimblefuls 
my own work I have given the inspector an ordinary test tube, 
a mark on the test tube indicating the height of the final samph 
sand required.) Take this small sample of the prepared sand, c 
it into a graduated beaker of clear water about 30 inches high, si 
well until the sample has been thoroughly washed. Then tak 
domestic pin on the end of a wire or small stick and insert it in the 
of the beaker, lowering it into the beaker until the pin is no loi 
visible from the top, and then read the position of the pin on 
graduation at the side of the beaker. Make half a dozen sirr 
tests, using the prepared sand, and the average of these samples 
be the correct gauge for sand which does not contain over the st 
lated amount of silt. 

Of course, it is not necessary to sample every carload or barg 
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sand tluit comes in, as the bulk of it can be tlelerinined by superficial 
observation. If you are in doubt, however, take a iiiunber of shovel¬ 
fuls of sand from various parts of the ear or bar^j'-e, mix thoroughly 
and take out the nt'eessary atnount of sand for lest. Drop same into 
the beaker, shake, lower t,lu» pin, read the pui^'e. Jf the pin is tlum 
lower than ihe pui^’e, the sand has less silt than the maximum; if it 
is hi,e:her, it has more silt. If you use this method, it will take about 
an hour to gtd your first sample prepared and your j»:au<‘*e determined, 
aft<u* which two or three minute's will enable you to make the test. 

The color of sand is i\n indication, alt hour’ll by no means a con¬ 
clusive one, of the samDs c.leanliness. In any case, what causes the 
color should be asccudained, the sand tried with cement to determine 
its efiect on the sett ins*: (lualities and tensile streni^dh, and the treat¬ 
ment decid(‘d accord in,s^ly. As to wlndher coloring matter present in 
a sand is harmful will of course depend lar^'ely on what it is. If of 
mineral natun' or insolubh', it will in g^eneral bo harmless; if vej^e- 
tabl(‘ or soluble, the reverse. If the color is due to harmful dirt, 
it may lx* easily dedected l>y rubhinii: a sample of the sand against tlie 
palm of the hand. A dirty stain, probably odorous, indicates nu- 
dt'sirahle mattc*r. The' color may also be shown by stirring some of 
th(‘ sand in a glass of ch'un water-muddy discoloration being the 
sign. A yellowish tmbuh'nce, liowevt'r, may only indicate clay. 

To Determine the Presence of Balt.—-The pn'S(‘nce of salts in sand 
may l)e detennin«*d l)y achling nitric acid and nitrate of silver to a 
sample of the saml previously allowed to settle in pnre distilled water. 
A small porthm of the sand should be well shaken up with distille<l 
wat(*r in a perfectly clc*an stoppered bottle. After the sand has been 
allowed to sc'ttle, add a few drops of pure nitric acid and them add 
a fc‘W drops of solution of nitrat<' of silvc'r. A white precipitate indi- 
ciitc'H a tolerable amount of salt; a faint cloudiness may be disre- 
gartled. 

To Determine the Presence of Clay.— The prestmeo of clay may 
be (h'tenuined by pt'rmilting a small (fuantity of the sand to settle 
in water. Tlie eday, if present, will separate in a distinct layer. 
That is to say, tlus Blind and clay will separate into two well-defined 
layers, after allowing the sample to settle for two or three hours. 

Absorption.—Hand is sometimes testcul for absorption. This can- 
md be amunplislied in tlie manner of usual percentage tests, as the 
capillary attraction betw<*en grains will take up a considcu’able 
amount of water, even ihoitgh the sand b(^ practically non-absoi’bent. 
Tiie proper way m to ltd the sand soak for an hour or so, and tlnm 
examine it, A sand wliicli shows the sliglitest tendency to dissolve 
or soften wider siudi treatment should bt% discarded. 

Washed ts. Unwashed Band.— Before acci'pting sand containing a 
large percentage of foreign matter tests should bo made of that par¬ 
ticular sand wesIkhI and iinwaslied, so as to determine wlndher the 
dirt present is actually banc'ful before umlertiiking to wash. In otlu'r 
words, sand should be tested, washed and nnwashed, to determine 
whet lief wasliing is profitable. 

Weight.-—The weight of sand is determin(*d by mi'rely filling a 
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cubic-foot measure with dried sand and obtaining its w’eight. Weight 
tests are desirable but will vary considerably with the percentage 
of moisture present. The weight of sand is more or less dependent 
on its specific gravity and on the size and shape of the sand grains. 
The chief factor in the weight, however, is the proportion of voids. 
The less the percentage of voids, the heavier the sand, and other 
things being equal, the heaviest sand makes the best mortar. In 
other Avords, the weight of a sand, being a measure of the voids, is a 
good indication of the value of a sand, that sand being in general 
the most suitable which is the heaviest. The weight property may 
be made the basis of a table by which, knowing the weight, Ihe 
voids can be at once read oft, thus saving the bother of a separate 
determination, or conversely, knowing the voids, the weight per eu. 
ft. can be seen. 

An easy method of judging of the value of different mixtures of 
aggregates is to dry a little more than a cubic foot of each and then 
fill with each a box made exactly 12 in. scpiare and 12 in. deep 
inside, and accurately weighing (first weighing the box to get the 
net weight). That mixture Avhich weighs the most will as a rule 
produce the strongest concrete with a given proportion of cement. 

Specific G-ravity.—The specific gravity of sand is found by a 
method similar to that used for finding the specific gravity of cement 
(see Art. 5, page 51). The specific gravity of sand ranges from 2.55 
to 2.79. For all practical purposes, the specific gravity may be as¬ 
sumed to be 2.65 with little, danger of error. 

Determinations for Voids.—The determination of voids is very 
important, not alone as a means of ascertaining the fitness of a sand, 
but in order to adjust the proportion of cement required. There 
must evidently be enough cement to fill all the voids in the sand. As 
before stated (see page 79), a mortar is strongest when composed 
of fine and coarse grains of sand mixed in such proportion that the 
percentage of voids shall be the least. By percentage of voids is 
meant the amount of air space in the sand. Structurally, it is one of 
the most important properties of sand. The greater these voids, the 
more cement paste will be required to fill tliem in order to get a 
dense mortar; or, conversely, with a given proportion of cement and 
sand, the sand that has the smallest voids will produce the strongest, 
the densest, and the most impervious mortar. 

The simplest method of comparing two sands is to weigh a certain 
gross volume of each as mentioned on page 97, the sand having 
been thoroughly shaken down. Assuming that the stone itself , of 
each kind of sand has the same density, then the heavier volume of 
sand will have the least percentage of voids. The actual percentage 
of voids in sand may be determined by either of two methods, 
which for brevity will here be designated as (1) determining voids 
by the specific gravity method; and (2) determining voids by direct 
measurement. The first method, if the specific gravity of the sand 
is known or can be readily determined, is to weigh a given bulk of 
the sand, loose or compacted as required, correct for moisture, and 
compute the voids directly. In the second method, the percentage 
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o£ voids is deito'miiuHl by ol)S(o‘viu<>* llu‘ (juaiitity of water iliat can 
l)(' introductal into a V(‘ssel tilksl with sand. The percoiitaj^’o 
Voids is b(‘st co!n])iit(‘d 1‘roni t lie specific ^Tuviiy and ilie weiyht per 
cubic t‘oot ot' the sand to b(‘ lesttHl. While void tests are (h'sirable, 
tiu‘y will vary cousidcu’ably with the ptux'iMita.ii’e of moisture pn^scmt. 

Determining Voids by Specific Gravity Method.— ddiis rmdliod con¬ 
sists in (hdmauining (1) the spc'citic gravity oi! the sand (sta' page 
87) and troui that computing the W(‘ighi of a cubic unit oT tlu‘ solid 
material, and (2) the weight of a cubic unit of the sand. Tb(‘ ditTer- 
mice b(dw(M‘n tin* first vvadgiit and the s(‘('ond weight, divided by the 
lirst weight, giv(‘s tlu^ proportion of voids, or ex})ressed iii percent¬ 
ages, giv(‘s the pm* ccml ot voids. The wt^ight pen* cu. ft. of sand 
Containing no voids at all is evidently eipial to the product of its 
sp(‘cific gravity tim(‘s (12.5 or the weight of water per cu. ft. Nearly 
all mat(‘rials of which sand is composed have a sp(‘citic gravity 
l)('tw(*en 2.() and 2.7. Tin* sp(‘ci(ie gravity of (juartz is 2.(55, hence a 
solid block of one cubic foot would W(‘igh about 1(55 lbs. The voids 
in (juartz sand may h(‘ calculatiMl from the widght ])er cu. ft. by 
noting (h(‘ pm* cimi that it falls short of 1(55. Th(‘ percentage of voids 
in a sand may Ix' (‘xpn‘ss(*d by a formula as follows: 


Percc‘utag(‘ of voi<ls 


(52.5 X sp(M*itic gravitv 

1 no.., 

100 X W(‘ight per eu. ft. 


Assuming a specdlie gravity of 2.(55; hd W wt‘igbt of the dry 
sand, absolute solinm* of the solid maiiu’ial, and P percentage of 
voids; then V W'{(52.r)X;d.(55) W/l(5(l and P 100 (1~W/1(5(5). 

A'.raw/de.— What is the percentage of voids in a sand having a 
spi'cifii gravity of 2.(55 and weighing 105 pounds pm* cubic foot '! 
S(»Iuli<>n.-“I* !()()(l ~d()5 1(5(5) 100 —(52.4 2(5.(5. Ans.—Pure sand 
weighing 100 11m. pm* cu. ft. has close to 40 pen* cent of voids. 

The saml shouhl be dri<‘d at a Imuptu'ature not less than 212'^ h\ 
mitil is no furtlun’ loss of w(4ghl. llow(‘V(‘r, the space ocinipied 

by the moisture in tlie sand can h(’ found, if desinal, by first weighing 
the moist sand and then the dry sand. The dilTtu’cnce is the weight 
of the water, from wliicli its vohmu* is found. Tlie volume of sand 
is mmdi iitTecltal by moLsfure and l)y its degree of compactness so 
tiiat for accurate ccmiparati\(» ptirposes the sand should be thoroughly 
dry lad’ore measuring as mentioned alcove and <letlnite methods of 
compacting employcMl. The w<‘ight of a unit of sand may be* de- 
tt*i*mi!ied for the sand looses shaken, or ramnuHl, and the pen* c*(*ni of 
voids will be for the correspotulitig cotiditioii. (Jmierally tlu' voi<ls 
arc^ defermined with reference to the dry mattu'ial well shaken. 
However, some autherifies are of tlie opinion (hat it is hettm* to 
dc‘tc‘rmim* the voids for the saml when nummsl, simni the mortar is 
eiilier compresscal or nutimed whtui ustsl. 

Determining Voids by Direct Meianrement.— Thc* proportion of 
voids may he d<*termined by filling a vessel wilh sand nud them tU*- 
tcrfiiining file amount of w.nier that ean lie pourcal info the vcmsel wilh 
the sand. The quantity of wattT pounal into flu* Hand divided by ilw 
amount of wafer alone wfiich flu* vimsd will contain is flu* jiroportlon 
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of voids in the sand. The quantities of water as above may be de¬ 
termined either by volume or by tv eight. The percentage of voids may 
be determined for the sand loose, shaken, or rammed, as mentioned 
above for weighing sand. Por accurate work the sand should be 
thoroughly dried, in order to expel all moisture, as moisture affects 
both the weight and the volume of the sand, particularly if the sand 
is fine. Even if the sand is so coarse that its volume is not appre¬ 
ciably affected by the moisture present, the sand should be thoroughly 
dried, since it is the total percentage of voids in the sand, and not of 
the air-filled voids alone, that is desired. 

The above method of pouring water into sand is subject to con¬ 
siderable error, since it is quite certain that air will remain in the 
voids in the sand, which will not be dislodged by the water, par¬ 
ticularly if the sand is fine or has been rammed, and the apparent 
volume of voids will be less than the actual. In other words, pouring 
water into sand gives unreliable results, as the air cannot easily be 
driven out of the sand to admit the water, especially if the sand is 
dirty, as there is liability of the dirt being washed down and form¬ 
ing a stratum which will prevent the water from penetrating to the 
bottom. If the air is not driven out, or if the water does not pene¬ 
trate to the bottom, the result obtained is less than the true per¬ 
centage of voids. 

Hence, to determine the voids more accurately, a known volume 
of sand should be dropped into a measuring vessel containing water. 
The volume displaced by the sand, subtracted from the original 
volume of the sand, will give the volume of voids. Or, the quantity 
of water in the vessel with the sand, divided by the amount of water 
alone which the vessel will contain, is the percentage of voids in the 
sand. Part of the water should be put into the measuring vessel and 
the sand slowly sprinkled into the water, so as to give the air bubbles 
an opportunity to escape. The sand should not drop through any 
considerable depth of water, as there is a likelihood that the sand may 
become separated into strata having a single size of grains in each, in 
which ease the voids will be greater than if the several sizes were 
thoroughly mixed. Add water from time to time, and continue to 
drop in the sand until the vessel is full of water and the sand is at 
the top of the water. The proportion of voids is then found by di¬ 
viding the quantity of water in the vessel with the sand by the amount 
of water alone which the vessel will contain. 

The precise determination of the percentage of voids in a sand 
involves the measurement of the specific gravity of the stone of which 
the sand is composed, and the percentage of moisture in the sand, all 
of which must be done with elaborate precautions as mentioned on 
page 99. 

Volumetric Synthesis. —^When several sands are available that 
which will give the strongest mortar may be readily determined by 
drying a quantity of each and then weighing out 10 pounds of each 
and mixing with a given weight of cement, say, 4 or 5 pounds, using 
the same quantity of water with each batch. Then turn the different 
batches into boxes or tubes of the same size. That batch which when 
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set makes tlu‘ I(‘ast volume will make llie stroiii^’t^st and least ixuTtie- 
able mortar. The same process may also be used with broken stone or 
graved, as described on page 101). 

Sieve Analysis.— The mosl accurate metliod of determining the 
value of a sand with reference to its size is by means of a sieve 
analysis. This consists of sliifting the sand throxigh several different 
sieves, and then plotting upon a diagram the percentage by weight 
which is passed (or retaimul) by t‘ach sieve—abscissae rt‘presenting size 
and ordinates representing ])(Tcentage. The curv(‘s thus plotted on 
cross-section paper indicate the percamtages of the whole mass that 
pass the several sieves. A straight line indicates a uniform grading 
of size. (See page 147.) 

A standard size of sieve is 8 in. in diameter and in. high. 
Woven brass wire sieves are employed for opemings less than 1/10 in. 
in diameter; wliile for larger openings sheet brass is used, having 
circular openings drilled to the recpiired dimemsions. The woven 
brass wire sieves are given eommercitil numbers which approximately 
coincide with the number of meshes to the linear ineli. The actual 
size of hole, however, varices with the gauge of wire used by different 
manufaeturers, and ev(*ry set of sieves must l)e calibrated separately. 
A common d(*feet in sieves is the displacing of the wires so that they 
are not perpendicular to each other; such sieves should be discardecL 
Sieves are made to tit togedher in nests, so that when a sample of sand 
is placed in the upper (t»r coarsest) sieve and the nest of sieves is 
thoroughly shaken, the (puintity caught on each si('ve can be deter¬ 
mined at once. For atialyzing the sand the following sizes are 
desirable: 


No. 10 

Aauroxlinntc of hole la 

lachw. 0.07B 


20 

.084 


80 

.022 


40 50 SO 

.015 .011 .007 


100 

.0055 


200 

,0026 


A screen with Vl-in. openings is generally employ(3d for separating 
out large material from sand. 

Tensile or CompresBive Test of Mortar.— The test of tlie strength 
of mortar is ilio bc‘s( for indicating the (fuality of the tine aggregate, 
in fact, it is a(lvisabl<% prior to tlie sebudion of a sand to dtdermine 
what its strengtli will be when made into mortar. The value of a 
sand cannot always bo judged from its appearance, and tests of 
llm mortar prepared witli the cc*ment and the sand proposed, should 
ahvays be made ftu’ ndnforced concrete structures. Sand.s that 
appear excellent an^ sometimes incorporated into the work, with the 
result that a weak and soft mortar is obtainc‘d, thereby causing the 
loss of considerable time. For temsile or compressive tests of mortar 
made with fine aggregate a sample not less than 20 lbs. in wc‘ight 
should be taken in order to liave enough material left over for other 
laboratory that may be deemed nec.essary. 

To eliminate variations in result, due to the character of tho 
cement, Ilia difference in liiboralt»ry conditions, and the personal e(|ua« 
titm of the operator, the tcvt should always l)e a comparative one. 
For cornparisem, standard Ottawa, III., sand, whieb is used for cement 
tests (see Art. 5, page f)7), should be used. This sand is recom- 
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mended by the Committee of the Am. Soc. C. E., and should be 
screened to size by means of a No. 20 and a No. 30 sieve. The per¬ 
centage of voids of this sand is about 37 per cent. The grains are 
rounded and it is readily compacted. Other sands of smaller grain or 
larger percentage of voids are likely to give somewhat lower results in 
mortar tests. 

Sand used in reinforced concrete should be accepted only after 
tensile or compressive tests of 1:3 mortar made with the sand in 
question as recommended by a Committee of the National Association 
of Cement Users,* in comparison with similar tests of mortar of 
standard sand made up at the same time under the same conditions. 

To avoid the removal of any coating on the grains which may 
affect the strength, bank sand should not be dried before being made 
into mortar, but should contain natural moisture. The percentage 
of moisture to use for correcting the weights in measuring the pro¬ 
portions may be determined upon a separate sample. From 10 to 40 
per cent more water may be required in mixing bank sands or arti¬ 
ficial sands than for standard Ottawa sand (according to the above 
committee) to produce the same consistency. 

In the mortar tests, enough specimens should be made to test at 
3 days, 7 days, and 28 days, the first 24 hours of all specimens being 
in moist air, maintained at a temperature of 70° F., and the re¬ 
mainder of the period in water at the same temperature. The 3-day 
test is the most severe, and sand failing to attain this requirement 
frequently reaches it at 7 days or at 28 days, and can then be ac¬ 
cepted. If, however, the 3-day briquettes break in the clips of the 
machine or if the specimens at this age show very low strength, say 
25 per cent or less, of the strength of standard sand mortar, tlie sand 
should be considered dangerous to use on any important work of con¬ 
struction. 

Mortar tests may be made at intervals of 7 days, 28 days and 
three months with sand both in its natural state and after washing. 
If the natural sand gives higher tensile strength, washing can be 
dispensed with. These tests are simply for the purpose of determin¬ 
ing whether it is advisable or not to wash the sand. 

Where water-tight work is required, the more elaborate granular- 
metric analysis may be used if the supply of sand is uniform in 
character (see page 101). 

PEEPABATION OF SAND 

Sand is prepared for use by (1) Screening, (2) Washing, if neces¬ 
sary, and (3) Drying, if necessary. 

Screening. —Sand is prepared for use by screening to remove the 
pebbles and coarser grains. The three most common methods of 
screening are (1) by hand, that is, by throwing shovelfuls of the 
sand onto an inclined screen, (2) by dumping or hoisting the sand 
onto a fixed incline screen, (3) by a revolving screen. The fineness of 
the meshes of the screen depends upon the kind of work in which the 
sand is to be used. 


* Engineering Record, Vol. 65, page 349, March 30, 1912. 
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Washing.- vSand is ch^aiisod l)y wasldng willi \val(‘r, oiihcr in ina- 
(diinos d(‘siyiu‘d ('SjK‘(dally tor llu' purposi^, or in boxes furnished with 
liol(‘s to permit the dirty water to (low away. Sand {uuinol Ix^ waslual 
simply by wtdliny tlu* pile of saml witli a host' as is sonu'tinu's sup- 
post'd, for tliis tudy washt's t)r translers tht' tlirt tt) a, lt)W('r part o! 
tilt' pile. W’ht'ii only eomparatively small ([uantilit's t)f tdt'an sand are 
retpiirt'tl, it ean be washed in a box, not tt)o tia’ht at. the bt)ttt)m, and 
tht‘ water run thrtiugh the mass until it eomt's tuit (dean. Small 
(puintitit's t>f snntl may also be washt'd by shovt'liny’ it into tht' upper 
eutl t)f an intdined V-shaped trough and playing upon it with a ht)se, 
the clay and lighter organic matter (loating away and leaving the 
(dean saml in tht^ lt)wt»r pt)rtiou t)f the trough, from whitOi it can b(‘ 
drawn t)lT by rt'moving plugs in the sitlc's of tht' trt>ugh. The washing 
may bo dcme by the' use of an inclined trough with a gate at tlu' lowei 
end. Sand is placed at tlu' high t‘nd as in the cast' td' the V-shapt'.d 
trough ami plavt'd upt)n with a htise. The ch'au sand st'ttles at the 
low eml of tht' ti’ough, and tht' dirty water tltnvs o\(‘r tlit^ gati'. 

Sami may also b<‘ washt'd by placing it t)n a scrt't'u ami playing 
ttpt)n it with a host', or hy plat'ing it in an imdim'tl rt‘\'olving cylin- 
tlrical scrt't'u and dremdiing it with vvatt'i'. Tht' int)St satisfatd.ory 
plan ft>r washing iippt*ars to bt' to wasli ilit' saml down a ti'ough t)\’er 
scn'tms in tht' btdtoui of tlit' trough, or agaiust and t!irt)ugii Hcrt'tms 
inclint'd in tlu' t»ppositt‘ dirt'ciion iVom tlu' trtuigh. Ftu' samls 
a Hcrt't'n with 3(1 mt'sht'hs to tlu^ lint'ar incli is nt'tx'ssary to prt'vt'iit 
the gotxi partieb's from passing thrt)ugii it. Tin* scrtM'ti must l)t» 
supportt'd by i'h'tits plact'd {|uite ui'ar togt'tlit'r, tu* it will brt'uk 
thrt)ugb. Tilt' sand is slmvt'h'tl tm tht' upper t'ud t>f t.lu^ trougli by ont‘. 
man, vvliih* amdlu'r om* can wash it with a host', 'flit' Ilow td* wait'r 
will wash the saml down Hit' uicliut'd trough, ami ns tht' saml ami 
\\at(*r pass (»ver tht' stna'en tin' dirty water will drain off thrtmgii the 
Hcrt't'U, h'aviiig tht' clt*an sand lor ust*. By this arrangt'nic'til, tht' tlirt 
which is washetl out cnmmt in any way gt'i mixt'd with tht' t'h'un 
sand an in tht» cast' of tin* inclint'd V-shapt‘d trough with Hvviwm. It 
will Im* ftmml tfiat Hcrt'(*ns with round puncht'd irnk's are bett(U’ for 
this purpose tlian wire mt'sli. 

(’onert'le mixers may be ust'd tor washing sand, tht' saml being 
dumped into tlu' machine in tht' usual maunei*. Watt'r is tlu'ti turned 
on, and wlu'n it ovt'rtlows at tin* distdiaret* end the machint' is startt'd. 
Th(» dirt is Ht'paratc'd from the sand by this opc'ration, ami is currit'd 
ofT by the overflow wati'r. The sand is dumpt'd in tin* nsual mannt'r, 
after tlie water runs ch'ur enough to imlicatt^ tliat tlie washing Is 
sulllcb'nt. 

Hand can also cleanetl by sprt'ading it on an incliiu'tl plat¬ 
form in a layer 3 or 4 inches det'p, ami wasliing gt'tdly with a pinch 
hoHc from the higli eml of Uie platform. Piece's of board proji'clitig 
up about 4 inches above the face of the fdatform, shotdtl Ix' iiaih'd 
around its edgi's to eonflnt' tlu* sand, tlu' wiilt'i* bt'ing allowt'd to flow 
over tlie top of ttie board nailt'd across tlie low (‘ud. 

Drying.-.-When dry sand is minimi it may lu' obtaim'd Iiy (‘Vip)- 

orating the moistun* eiflier in a machine ealled a saud-dryt*r, or by 
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lieiitm <4 the sand in lara:e shallow pans of wroueld iron or on slioefs 
ot* boiler-plate supportcal on stones with a wood lire phna'd inohnaitaith. 
For other methods of dryine: satuU se<‘ Art. d.’h paye d.aJ. 'Fcju h:i*h a 
temperature will eauso sand to turn ihhL 

Art. 9.—Gravel for Concrete 

Gravel consists of pebbles which vary in si/,t‘ from a small pea to 
a walnut or sonu'tiines larpn*, produced from stones which Itint* been 
broken up and tluui worn smcndli with nmmled canmers. It is ofttui 
intermlnixled with otlun* snbstanees, sueii as Hand, hmni, clay, 
from eaeli of whieh it derives a distinctive nanu^ Tlie tmiii ‘*y:niver* 
is sonudimes used as meaninjj: a mixture cd' coarse pebldeM and siiiid, 
and sonudimes ns mcmfmjx ptd)bh‘s without sand. The first didliiifi«»i} 
is the more lo^^ienl and also the* mort* (uaumon, luid will be uhih! in I bin 
volume. Much that has b<*cn said about sand in Art. H is true of 
^rav<‘l except that sand is in a senst* mon^ important tliaii tn’inel. 
Scr(‘encd i*:nivcd constitutc*H ycmu'ally a satisractory coarse ityrrreinite. 

Joplin gravel, or tin* ^•ritH from lead mitu's, makes ixood maieri.d 
for use in eonereti*. In this conmudion see pa^e Hli. 

Shingle is the small stones foutul on tin* sliores of risers or I lie wa. 

Grit is tine ijcravel, the p<*bbleH td' wlii{*h do not i*\eeed oiiediitli' 
inch in diameter. The name ^rit is also applied to liiird siiiiiistotie. 

Crushed gravel is sometimes used in coueride, Tliiti is n very i:ood 
material, if the t^nivel is a i^ood, clean vfiritdy, 

DurahHity of Gravel, —Practically all fliiit was snifl iiboitf liie 
durability of sand on page 7a applies with ecpinl force to irtimd 
Most gravels are sufliciently <lnrable for use in imiiereie. Tin* imy 
fact that they have been exposml for indi'ilniti* periotiH to iilmo^ 
pheiie diBirit(*griition and mechanical wear, w geiieriilly a protif of 
the durability and mec.hanical strength «if I lie stone. Frotii tlie nliitid 
poijd of durability, gravel must be superior to stone for tlie leiiHon 
tliaf, by the laus of the survivnl of tfie ft!lest iiitd by proiws of 
tdimination, nature hiw supplied tm with the most diinilili^ 
pebbles are not consiilcnvd m good as the lielter griiileii of lirokei, 
Btone (see Art. 10). The quart/, pebbles are linrder, stroinier, and 
less liable to fracdvire. 

Gravel vs. Broken Stone.— In soriu* easeii griivel m preferable l« 
broken stone as so ninny stones have a flaky eleaviige liinl tin* riniiiiied 
pebbles make a more even and wnuider or deiHer etniertde tliiiii 
flaky pieces, owing to tlie ease mdtli wliieli tlie naiid ntnl eemetit ritti 
fill the ^ands. In oilier words, the ronndiieHH of tlie peblilei4 
aid to compactmw, am! the gravel In not liktdy to lirldge aiiil leiive 
holes in the concrete. (Iravel is iiHiadly foiiiid gntcleil frinii eoiir?*i» 
to fine. The ehief arguriumt iigiiinst gravel i*4 tliat lli«» riiortiir no! 
supposed fo adhere im well to the surface m fiiitl of fn^i^iily limkefi 
stone. This is one of the flieories wliieli ifi priietieiilly line |«i tin* 
appearance of the surface to the eye or foiieli, fur the itiliie*iioii iif 
nuirtar to limeHtone of a nmooth Hiirfiiee nitiy be ittiirli greater lliiip 
to sandstone <»r rouglier materialH. If rotiglnnw were lire only 
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((uiiviiK'ni for iulliesion it would seem impossible to eement toj^’etlier 
(wo pit‘('i‘S of u'lass. Kor u fin*lher diseussiou on i>;Tavcl vs. broken 
si one, see pai^‘<‘ 12 . 

Gravel-Broken Stone Combination.— A mi.xture of ^^nivel axml 
])roK(‘n stoiK* u'ivt's exet'llenl rt^sulis. In this eatse (lie eoncrett‘ pi*o()er 
is rcriliy based upon liie ,u'raiV(‘I, vvliieh aissists in eonipaietin<»’ tlu' maiss, 
jiud lli(‘ brolum sfoiu* is “bulk-sweller’^ only. A inixiure of this 
kind adso l('aiv(‘s but at snmll p(‘re(‘nlai]L>‘(‘ of voids in tlu^ irniss, thus d(‘- 
ereaisiiiir th(‘ aunounl (d‘ rnortair recjuin'd. Tests show that sutdi a 
mixture ^-ives laoth a stron.uer and ai denscu’ eonerete than (‘ith(‘r g’ravel 
or broken stone aIon(‘. This may b<‘ a(tribn((‘d to the irre^ntlar and 
larp^ pit‘ees of broktm slone atdin^ as i*einioreenient so to speak, 
int(‘rlo('kin^^ tin* mass in every direcd/ion, auid the jj:reater (hmsity 
Ixunic due to tin* seadinix of aiH eoniHudinu* patssa.e:es in llu‘ sauid and 
^q’av(‘l lay the uniformly distribut«'d picaa's of broken slone. 

GENEEAL EEQtTIEEMENTS 

Tht‘ saim(‘ <':(‘iH‘ral rnh‘s used iti Iht* sadt'clion of a i^ood ^rade 
of saind (see pa^c* 7l5) will apply to ^raivel. 

Quality of Gravel. To lx* suit abb* l‘or use in nuikin^^ eonerele, 
i^raivel should be eomposed of reasonably (de4in p(d)bles of hard and 
thinibb' stone of sneh a variety oi* Hi7X‘s as to give a small p(U' eetd; 
(d’ voids. 

Scat gravc‘l will eauw* eoiTOsion of stcnd reinforcement in eonerete 
mixcxl with it, and should th(‘rtd’ore be washed bed ore using. 

Mineral Composition. - (Iravel somelimes eontains propendiems cd‘ 
soft H(on<*-like shale, and, if tluu’e is a nedieeabh^ amount of sueh 
slidT preveud the* maicu'ial is unsuit cal for use* until separated out. 
In tdlier words, gravel may eontaiii partieles of soft, friable material 
whic'h will sericnmly n‘diu*e the strength of the eonerete. In faeU 
Home* failitrt*s cd* cameretc* have bc*en attrilniicHl to the free use of 
gravel etuitaining sueh material. In some loealities, partieularly in 
the foot-hills cd* the Appalaehian and the Ozark Mountains, a ma¬ 
terial, locally eitlled gravel, eomposed of angular fragments of ehert, 
is found in tlie stream beds; but sueh mateiial is unsuitable for 
eonerede, sinec* it is cheeked and is easily broken. 

Sizes of Gravel.—A good gravel for concrete sbould be of vary¬ 
ing sixes wherein the sizes cd’ the pebl)l(‘H range downward from 
say 214 iriehcH to 14 inelu In columns, slabs and small beams the 
maximum size <d’ tlic* graved Hlitmld not run over I inch, preferably not 
ovvr ‘*4 inch, ami in mcmibers of larger proportions lVi“ineh gravel 
may b<* twial and in maHsivee work 2-ineh gravel. 

Grading Gravel.— A gradation of sizes cd’ the pebbles should in¬ 
variably lie insisted upon. The pniportions of sizes sliould be such 
thill there is iipproxlmately 50 per cent cd* eacdi size with reference to 
the* next largest, (kmcnde made of such materials will be homo- 
gen«*oiw, dense, and of grcuit strength, (irnded gravel contains a 
siiiitller pen»<*iitm.fe cd’ vi*ids than broken stone*. 
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Cleanness of G-ravsl. —C}i*a\'el sliould be watehed very carefully 
for foreign materials, siicli as lumps of clay from stripping the hard 
pan st]-ata, sticks, decayed matter, etc. Wliat lias been said of 
cleanliness in regard to sand applies with equal force to gravel. 
Material that is really foreign, such as vegetable mold or loam, will 
be detrimental to the strength of the concrete. 

The gravel should be clean and free from dust, dirt and other 
foreign substances, and washing of same should be required when 
considered necessary by the engineer, in order to render it sulTieiently 
clean. Gravel is apt to be mixed with dirt, either in the form of 
lumps of coal or of slimy covering on the pebbles, or as in the case 
of sand, in the form of an admixture of clay, mud or silt. Such 
gravel should be washed or rejected, as silt or loam forms a him 
which reduces the strength of the concrete. If from the bed of foul 
streams, or from a loamy bank, it will need washing. In other 
words, gravel should be composed of clean pebbles, free from sticks 
and other foreign m.atter, and containing no clay or other matiuial 
adhering to the pebbles in such quantity that it cannot be lightly 
brushed off with the hand or removed by dipping in water. That is 
to say, the gravel should be reasonably clean and ready to mix in(o 
concrete when unloaded from the wagons. A loss of 15 or 20 per 
cent in the strength may be caused by the use of a dirty gravel. 

So-called yellow gravel is not necessarily a sign of W(‘akn(\ss, 
although such a deposit should be carefully examined. Many iiiruvs 
such a surface discoloration is caused by leechings from deposits 
or strata of oxide of iron or other minerals. 

When containing sand in any considerable quantity the amount 
per unit of volume of gravel should be determined accurately to a.dniit 
of the proper proportion of sand being maintained in the eom^rdc! 
mixture. 

Clay in Gravel. —The presence of a small amount of clay in gravel, 
possibly as much as 10 per cent, does not as a rule weaken or injure 
the concrete for many uses, and may add to the strength of the con¬ 
crete, particularly if the cement paste does not entirely till the voids. 
The clay should be in a granulated or finely divided form and not 
adhering to the pebbles, for if the surface of a pebble is smeared with 
clay, the mortar will not be able to adhere as well to that surface. 

Voids in Gravel. —All that was said about voids in sand (see page 
88) applies with equal force to gravel. Since the particles are larger 
in gravel than in sand, the former may have, and usually does have, 
a smaller percentage of voids. The percentage of voids is usually less 
in gravel than in broken stone. It is rare that gravel has less than 
20 per cent or more than 45 per cent voids. If the pebbles vary 
considerably in size so that the small lit in between the largo, the 
voids may be as low as 20 per cent, but if Ihe pebbles are tolerably 
uniform in size the voids may approach 45 per cent. Tlie voids of k 
well-proportioned gravel passing a 2-inch screen usually range from 
20 to 30 per cent. 

Coarse gravel is sometimes run through a crusher to reduce the 
size of the laigei pebbles, after which the material has a larger per 
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ct‘nt of voids, hovause tlu‘ sharp aiia*l(‘s ol* tht‘ c.ruslu'd gravel preveiil 
il from pat'king so elosely. 

Specific G-ravity. Tlu* specilie gravity oi‘ gravel is praeiieally 
eonsiant and ecpial to 2.05, the same as lor sand. 

Weight of Gravel.—The weight ui' gravel is very little different 
from that of sand (see i>age <S7), and what in gtnu'ral was said iihoiit 
the weight of tin* latt(‘r applies with ecpial force to gravel, since it 
is but sand on a little largtn* s(*ah‘. (Jravel is heavier, as a rule, than 
broken stone, since* grave*! is gen(*rally belter graded, and hence more 
dens(*. A cubic foot (d* pit-gravel will weigh from 90 to 115 lbs., 
varying a<'cor<ling to the degr(‘e of grading, the wetness ami com¬ 
pact m‘ss, evt*n as the sand. 

Screened vs. Unscreened Gravel,— Naturally mix(‘d bank sand and 
grav(*l an* sometinu*s found in the right proportions for making con- 
cr(‘tt», recjuiring but little if any sand to p(*rf(*ct tlu^ blend. ({n‘at 
earc* shoubl la* (*x(‘rciH(‘d in using this class ol‘ rnal(‘rial, owing to the 
lik<*libood of tbi're b(*ing far too much sand I'or tin* gravel. An 
excess ot‘ sand is weak(‘ning to concrete. Fn'cpu'nt l(*sts should b(‘ 
made to H(»(* (hat tin* proportiems of the coarse and fim* grains an* 
c(U‘re<‘t, as tin* (plantity of sand in dilTerenl parts of the* sanu* grav(*l 
bank may vary gr(*atly. In otlu'r words, caiM* must la* taken to see 
that the proportions are about right wlu‘n using sucli ready mixed 
grav(*l. 

While natural gravel is sometirru’s so uniformly mixed as to be 
Huitabb* for usi* without Hcn‘i*ning, either with or without additional 
sand, it is Lmn(*ndly far mon* satisfactory to scrct'ii the sand out oi 
the grav(‘l and pn*piin* the materiuls in the usual way. Tin* grav(‘l 
should la* Hcn*(*ii(‘d to at haist two sizes, S(‘parat(‘d liy a tvinch 
Hcr(*(‘n, and remixed, in onl(*r that tin* proportions may he n*asonahly 
definite*. B(*ttc*r proportions and more uuitorm r(*sultH will la* oh- 
taimal liy screi'iiing out the sand and small partich's and remixing 
them in d(*termim*d (plantity wjth tlie gravel. This is especially 
important in flie ('iwe of reinfoived concrc*tc* work, ns the nm of tin* 
Imnk rarely contniiw Huf!lci(*nt coarse stone to make a d(*nHe concrete*. 

Tin* incrcnH(*d value (*f the* remixt‘d aggr(‘gate over the natural 
material will generally more than justify the additional expense, as 
iniHCH’inied grave*! n»(piire» a large*!* (piantity of cement than graded 
graved am! snml to attain (‘epial str(*ngtli. C’onH(*(fU(*ntly tin* author 
ih in favor of separating tlu^ gravel into as many parts as is con- 
His(e*nt witli i*cr>nomy for tlie work in ImneL Nve*!! cm small work he3 
lH*lieves it preferable to scr(*c*n out the sand and remix it in the pro- 
porticens. 

Gravel-Broken Stone Combination,—A mixture* of grave*! and 
hndien htone may he used (sea^ page* 111), Clravt*!, wli(*n Hp(‘ci!ie‘d to 
be* mixed with broken stone, shemld be^ mixed with the broken stones 
in the preeportion not exee*e*dirig 51) per cc*nt. 

Washing Gravel.— Gravel fr«*cpu*nfly re*epilr<*H washing to n*move 
the coating of clay or Icatm from the pc*hl>le*s. The ohJe*ctiem to the 
washing of sam! doe*H m»t apply with the* same* lorce* to gravel, as 
the gravel In tieit n»epnre*d to contain (he ve*ry fine* par(ie*le‘H that 
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should be a constituent of all good sand. Very often, however, the 
washing removes some of the sand, which needlessly increases the 
percentage of voids. The washing shonld be done in such a manner as 
to remove no sand, and as a rule only part of the clay. This pre¬ 
caution applies especially to unscreened gravel that requires washing. 

Rejection of dravel. —At any time, if the gravel delivered does 
not fully meet the requirements as stated above, it should be rejected. 

Shale gravel should not be used. 

IsTo rotten stone whatever should be allowed. 

Piles or heaps having any admixture of dirt or stone of a larger 
size than specified should be unconditionally rejected. 

Do not accept slimy gravel, nor gravel containing many mud balls 
or a large percentage of gravel cemented with mud. That is to say, 
in using gravel, that containing mud or gravel cemented into lumps 
with mud should be rejected. 

Unless first very carefully examined, both physically and chemic¬ 
ally, the use of ^^chatsshould not be permitted. (See page 8G.) 

DETERMINATIONS FOR GRAVEL 

The usual determinations for gravel are: Size of pebbles, mineral 
composition of pebbles, cleanness and amount of voids. Any of the 
methods used in making determinations for sand (see page 93) can 
be used in making determinations for gravel. As a matter of fact, 
visual examination is usually all that is necessary for any of the 
determinations except for voids and for exact analysis of the various 
sizes of pebbles composing the gravel. 

Sand. —The amount of sand in the gravel can be estimated by 
sifting samples of it. 

Cleanness. —The presence of dirt in gravel may readily be de¬ 
termined by putting a handful of the gravel in a small strainer and 
turning clean water on it, catching tlie water in a glass dish. After 
a while the dirt will settle in the bottom of the dish. (See also 
page 95.) 

Washed vs. Unwashed Gravel. —^Before accepting gravel contain¬ 
ing a large percentage of foreign matter tests should be made of that 
particular gravel, washed and unwashed. 

Determination of Voids. —^Before adopting a gravel for any im¬ 
portant work the per cent of voids should be determined; and if the 
result is not entirely satisfactory the gravel should be separatea 
into several sizes by screening, and the. various sizes should be com¬ 
bined in different proportions to determine whether or not the per 
cent of voids can be reduced. An advantageous combination can 
sometimes be discovered by inspection, and may always be found by 
trial as mentioned on page 109. 

Voids in gravel may be determined with fair accuracy by measur¬ 
ing the amount of water required to fill the voids in a given volume 
of gravel; owing to the larger particles the error due to entrapped air 
is smaller than with sand. However, for gravel containing much 
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fine material this methotl is not reliable on aeeouni of the dillieully 
oT exelu(lin.i»‘ all the air. (See paj^e IM).) 

Whds in ^’iv'vel may be determined somewhat more aeeiirately by 
wei^hin^’ a known volume and ealeulalinj** the volume of soliti ma- 
teriail !>>' nuauis of its speeifie gravity (s(‘e page DD). 11* th(‘rc‘ is 
mueh moistur(‘ pr(*sent this must bc‘ lirst (*limina!ed by drying, other- 
wist' a eoiisiderable error will be iuti'oduet'd. Jl* V: volume' of gravel, 
W weight ol* volume \\ (f sp(*ei(ie gravity oL* solid stone, and r= 
percentage c»t' voitls, then 

The specific gravity of gravel is practically constant and equal 
to tlu' same as for sand. 

(’art! must be takc'n in tilling the vt'ssel with gravel so that the 
dt'gr’ee oT t'ompactnt'ss will l)e unil'orm. The voids sliouhl preferably 
be dett'nnined with the gravel simply shoveled into the receptacle 
or slightly ctunpacted by dropping a short distanct*. Moderate ram¬ 
ming or shaking will readily reduce the volume 10 per cent, and 
heavy ramming as much as 15 per cent. 

Volumotric Synthesis.— Having determined the particular gravel 
which is to bi' usc'd on any piece of work, a simple and accurate 
way of dett'rmining the most advantageous combination of sizes of 
pc'bblc's to prcaluce a minimum per cent of voids is by succtissivo 
trials. For this it is only necessary to have good scab's and a strong 
and rigid cylindt'r, say, a pii'ce of 10- or FJ-inch viirilied pipe cnppc'd 
at one eml, or a strong wooden box, prefcu'ably nn'tal-lined. (’arc'fully 
till the pipe or box with tlu' cinirseHt gravel to a cU'pth of a foot or 
more, tamping the material slightly as it is bi'ing put in, and nott! the 
lu'ight to which the pipe is filli'd. A liiu' may he made around the 
pipe on the inside to indicate the depth of the stone. Wc'igh the pipe 
or fiox la'fore filling and after lM»ing fllb'd, thus checking weight of 
pebbles alone. Next take' a n(*w portion of the eoarse mai<*rial and 
a<hh say, one-tenth of its weight of the next finer material, and rept'at 
the above trial with this mixture. If the amount of this mixture 
compacted into the pipe or liox weighs more than that of tlm corre¬ 
sponding coarse material, tlien this mixture is the belter for making 
concrete. Cbi the other hand, if the weight of this mixture is less, 
then thin mlxtun* is not as good ft»r concrete! as tlie ceirresponding 
c«»arse nmte*rial. Tiie most advantageouH cornlnnation of size's to 
produce a minimum pe‘r ce*nt of voids will lie found by Hucc(*sHivo 
trials, ami this will result in the most t'conomical cennbination. 

PEEFAEATIOF OF GEAYEL 

(Iravel in prepared for ih#* l^y (1) Hcrecning, (2) Washing, if 
necessary, and (11) Heating, if mwessary, for winter work. The 
preparation of gravel i« practically the same as that reMfuireul for 
sand, excepting of course iw to the size of the screens. Fur me*tlioelH 
of sciwniiig and waHliing gravel, st'e^ pagers 102 ami lOfi, and for 
metlioib of heating gravel, Art 33, page 350, 
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Art. 10.—Broken Stone for Concrete 

The term broken stone ordinarily signifies the product of a stone 
crusher or the result of hand-breaking by hammering large blocks of 
stone; but the term may also include gravel (see Art. 9). 

Classification of Broken Stone. —Rocks which are commonly used 
for concrete are commercially classified as (1) traps, (2) granites, 
(3) limestones, (4) conglomerates, and (5) sandstones. 

Trap rocks include dark green to black, heavy, close-grained, 
tough rocks of igneous origin, thus covering a variety of rock whose 
mineralogical names are diabase, gabbro, norite, etc. 

Granites include not only true granite, but also the lighter-colored, 
less dense rock, such as gneiss, mica schist, syenite, etc. ^ 

Conglomerate, often called pudding stone, is essentially a very 
coarse-grained sandstone. 

Rocks of a volcanic nature may be divided into the following 
classes: Basalts, traps, dense lavas, pumice, etc. 

Choice or Selection of Broken Stone. —The purpose for which tlie 
concrete is intended must always influence the selection of tlie stone. 
That is to say, the care required in the selection of a proper ((iiality 
of broken stone will depend upon the required strength of the con¬ 
crete. For very strong concrete, a hard stone without any surface 
scale is necessary; a rich mortar will not be able to make up a 
deficiency in the strength of the stone. For a medium concrete a 
very hard rock need not be insisted upon, but rather one which pre¬ 
sents a good surface to which mortar may adhere is the principal 
requirement. In other words, if a low strength is sufficient, and con¬ 
sequently a poor mortar is to be used, but little will be gained by 
having a very strong rock from which to obtain broken stone. In 
such cases, limestone will probably answer. 

The best material for broken stone is a rather hard and tough 
rock, which breaks into angular fragments with rather rough surfaces. 
Almost any moderately hard rock, provided it is not subject to decay, 
is suitable for use in concrete. 

The kinds of stone generally used are trap, limestone, and sand¬ 
stone. Broken trap rock is the best aggregate for concrete work, as 
it is harder and stronger than the others and is a better fire resistant. 
The next in value is broken granite. Marble, limestone, and slag 
make good aggregates, in the order named, there being objections to 
marble and limestone where concrete is used as a fireproofing. The 
harder and denser sandstones make good broken stone for concrete; 
while the looser-textured sandstones, shales, and slates are poor for 
this purpose, although occasionally they are used. 

As already stated, trap rock makes the best, hardest, and most 
durable broken stone for concrete work. This rock breaks into 
sharp, angular pieces, is fine grained, and is of free fracture, without 
laminated, or sealing surfaces. Owing to the texture of the stone, 
the cement adheres strongly to it. Crushed trap is an exceedingly 
hard, clean, flint-like stone, which bonds well and furnishes a concrete 
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of <j''raai str(‘n^’lli; i( also wiUislaiids lic^ai ladtia* than uinsi st«»nt*. 
It is (‘SjHHhally yood for rt'infort'od <‘<ni(*r(d(* (anisl nnd ion in dial it 
poss<*ssrs yn'id (n*u.-hiu.u‘ stoandli and ('onshUn’ahU' transsansi* i*t*» 
sislan<'i% and ttaitls (i> iinna‘as(‘ tiin strtaiulli of (In* <'ont*ralt* sli(‘ar. 
All Ihin.u’s considered, ti‘ap I’tu'k niakcs llu* best aay’refiate. It is un- 
J’ortiinat(*, liowever, (hat (rap rot'k (‘annoi hi* ns(‘d in all [>ar(s of 
tin* coaniry siina* i( is not ohtuinahle ntdess shipped in. 

Cnislnal i»runite is aKo v**i’y tn»od, nnl(*ss tin* framnents are hrni^t‘<l 
in the crnshln'*'. Not only true ixranitc*, hid also niien schis(s, syenite, 
dioritc*, “jiciss, <‘(e,, whii'h art* frtsjtnaitly tallied *4'ranit(‘s, art* just ns 
good for concrete work, and are usually less t*\p('nsivi‘. 

laiuesftuie is sttiinhh* for sonu* kiinls s>f (*oncrt‘(t* work; hut. its 
strength is not sti grt'ai as that td’ aranitt* t»r tiap n»ck. Next 
to (rap, !io\vevt*r, the hard, tough, crystalline Iinn*siont*s niakt* pt‘r!iapH 
tin* lH*st all-around concrt*((* a'4T,rt‘*:alt‘, being hy far tin* nn»st ust'd, 
Nona* rnni‘stont*s s<*(*ni tt> In* partitailarly atlaptetl ((» t*<un*rett‘ making, 
iiN tin* cenietd ad!n*rt*H to tin* surface so lirmly. In fact, {'<*nH‘nt 
a«!ln*r<»s to Iini(‘s(ont* ht'Ht'r than tt> ol}n*r rot'ks. Hard linH*s!onc is 
good and tlurnhle, f*\ct*pt as to its ability tt^ witlisfainl lirt*. It will 
calcine or turn tt> lime when Huhj(*(*l<*d to urea! heat, ami is, tln*re- 
j’orc*, (dgeciionnbli* for huilditui construction. 

Fn*«|tn*iitly conelonn’rate (td*tt*n called pndtling Hiom*H or Inml- 
dt*rs) in lirokcn form ir^ nsetl as an iiggregntt* for <*onci’e(t*, Tfiis m 
II \<«ry eoai*Ht‘-grfiined samlntone lunl Is md so gootl as trap rock or 
gr*ni*l, htd it product's <*cmcre(t* suitahle for most purpost*s. ()win*,.r Iti 
tin* irrt*'!tdar sliapt* ami surfact's id' such sttmes, their particles tlo 
not lit* sti cli*st< together as dt> llnwt* <d' (tap r«n*k. Sneh sttmes art* 
liable tt» he td' a ct»urse, granular, t{nar(/. like nature, in which tiie 
colie.Hitm is small, so fhaf tin* keying tir ailhesioii ht*t wc*(*n the ei*ment 
iunl tin* itggref4ittt*H in md- ho gom! an in trap rtndc. 

Samlstones art* st»m**timt's snitl tt» h<* hettt*r tlum limesttmt*s, hut 
(his will depemi cm llieir telaliie liartlnesH ami strmdnrt*, ami tln^ 
tr^e to which the eonert*te is to tie put; ini gt*nt*ml rule will apply, 
as the \idite cd* siimlHfone for concrete is veiy \ariahh‘ acetirding (o 
its lecture. Home grades nrt* v**ry compact, liard and fongli, and 
iiiiikt* good eont*ri*te; tdli<»r grades are frinhie* While* mttw sandsltmes 
are used with exctdh’iii results, as a rule they an* ind consitiert'd 
Hlrtutg f*ttougli on accoinit <d’ litcdc of hartlness find tin*ir liahilify to 
criimhie, find front the fact that tlieir Hurfaces lut^ likely to lie 
misliihle. 

The |nion*sf leggrcgides are slate and sluile*, whicdi art* td' a him- 
iniited si I net lire iini! break in hucIi shapes that they will md pack 
chtsely. Tlirir crtisliiiig and sliearhig strc'iigth is lt»w. |Se«*page TJo. | 
Broken Stone-Gravel Combination.— A mixture id' hndvim htone ami 
gran el good rcMiIts, The gravel aHNi>dH tin* ecmipiict im* cd* the 

tiiitHH. iitid flic friigfiiciits of broken stone furnish n **ooti lioml. A 
mixture «»f tliis kimi also |ea\es but a small pt*i*e<*fi!ii>o’ cd’ \cn<Is 
ill lull mid this decreiiM's (he iiniomit cd' mortar n*<{inrc*c!. (See 
also page 1117. 
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Many of I lie points ineittintunl eotuMn'iiin*.: fin* seloetiuii tif a l^iuhI 
sand ar<‘ also nppli<'ahle to hrok<*n Art. SK 

Quality of Broken Stone.-.lirokmi >ioite n-.od in foiH’rrit' wuik 

should possess thrtH^ (jualities: (!) It sliouhl he liaid aini 1011*4, as 
to resist erusliiu^ and sliearirii; or sfrrN'.r*. ; it siiould 

have surfaec tc^xture that will permit the wmvut tnorfur to jollino to 
its surfaee; and (d) whcu'e tfie eonerelt' is to he iised for hiiildimr 
eonstmetioHi siieh as in reiiirori‘<*i! work, iiinl for flre|iroolltii,% it 
should possc‘Ss refriH'ttu'y, or fire-rt‘sis!iiiir, «|iiiilifii‘x 

Broken stone should be Iiiird ami *luriihle. roiirrete ejiiiiiot he 
strong if made of wtaik stone. In i^enerit!, the luir»l«*r the .Ntmie the 
stron.icer will be the eotierete under eomiireH^ioii. Any Htone in 
able for eonerete whi<di is durable and liiw siitlieieiit ^ireiedii ^o liuit 
the stron$4:tli of tlie eonende will liof be liiiiiftai In ili*’ ^1 leied!i of flie 
stone. Beyond tfiis ndniinnm, ^n’eafc sfreii*4tli of iiltir mhliiitnee. 
A^’^n*(\i^at(‘s eontainin*; S(d't, flat or elonyniteil |iitiliele^, nhoiilfl fir e\- 
elnded from inpHuInni stmetures. 

(lood roek will jrenerally sliow its i|iiiility in tli«» mimm*r f»f break- 
inir; for instanee, if it breaks in siieli a way m to iilhnv llie 
spaees or interstices between tlie piirtieb's^ if will iiiiike the Himtiiretd 
eoncnde f(m etuiHtruethm purpcwes, heeiiirmi I lie voiih riiii In* iiiohI 
eonornieally tilled with mortiir. Tlijit is to if the inek lirnikH itp 
on eruHliini; or poundinir itito ^‘liastiinis,** or irreifiiiiir, rliiiiiky 
partieles, with nut iippnrent planes of eh’jiVfHfe, iiiivtinf wiiiil is kmiwii 
in i^molo^y as a ^^eonehoidal fraefure,’* It is siitisfiiefun. lii oilier 
words, stone should be bndom Iii eiihieiil foriiis miih frne-^- 

tore. On the other band, if tlie roek breiiks tip Into tmm^ nr Iimii 
regular pieees, flat and s!iity-!il%i% it Is, m fi rule, iifrsuituliie, ^iiicr 
Eueli material is more likely to be soft iiinl lirittli% iiiwl the pu me ni 
any rate unHuited by tlieir «Iiii|mi to itieiiriinrttle in eui •reti*; 

that is, smdi stones are liable to breiik iitiiier pre^:fii!if« iir nhile ludiin, 
rammed into plaee, and tfttw leavii twai iiinaufiefiteil mirfiiri'?*. 
it is almost impoSHildti to riiiii or litiiip %tieli ^toiie iiitn im itinl 

eompaet a mass a« that in cnibleitl friietiire. 

For all cdasses of eo«ereft% 11 sloiio tvliieli lireaki* in iippiir^ditiiileiy 
eubieal pieees rather than in long, tliiii, nfiliiilery fiitutnriilM «liiiti|i| 
be preferred. The biirder tind fotiglier the f|tiiiitty of tlie inek, tli® 
leas danger of its split tinir into liiiitiiiiited tir flaky 

When cdd rniisonry Is torn dt»iv«, llie itiinop lire sniiiiiiitiirM wi^iiwi 
for use in eonerete, but sueli iiiivttiif |iitrtiri«»i of tmirliir mb 

hering to tlie surfaees, will no! In* «if flint f|iiiiiitv fur tlie jiiirinr^e; Ihrir 
eheapness, however, will frec|iieiitly iih|eritfiie 4 . 

Volcanic Rocks.-—All roek of \'«Iriiliie uriirili for um* m 11 rfinrrele 
aggregate should be eiftlrely fri*e friitn ileefifii|ifi,w**l pitr!*’* iiiui 'Hliuiilfi 
show uo siffus of etpansiim, flisiiitegnitiiiii, nr iifti’r lniviiig 

been immersed in water for 72 Viilpiifile rnrlf^ ’A-oulil Iip finite, 

thoroughly vifiified, not seorliireotw, nhm\* it rliuiii fnielure mlieii 
broken, be homogeneotm and free frcini iiiiirlcwl erllitliir 
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Granite.“In sonu* looaliti(‘s, it, is ilia priK'liao to bn'ak i^ranito 
spalls so as to I’oi-ni tlu‘ for aonar('it‘ (*onstru<'iion. Siiah 

|j:nuiiie should ha tina and uniiorm in ^’rain and aolor, and pcndactly 
sound. It should ha t‘raa ironi sap, seains^ dries, araaks, lar.L»;a arys- 
tals of IVldspar, dirt, arjL^illaaaous or or<>‘ani(' materials, (hu'oniposad 
part.i(das^ and datWds of any kind cale.ulatad to impair its straip^dJi, 
durahility or appaaranea. (Irani!a has the disadvanta^m of spallin|.C 
too nuidily und(u' the etT(‘(*t of tiro, hain^j;' otlauavisc^ sat isfaetory. Jt 
should not he* used if trap or hard limestone is available. 

Limestone.”— 'All limastoua for use as a aonarata a^’icragate should 
he danse, uniform, ami homo^am'ous in stmature and aompositit)n. 
It should have small even p:raitis and arystalline texture. Kraa- 
turas should lie al(*an and free from larf!r(* flaws, or <l(‘fc*ats of any 
kind aalaulated to impair its strenfrth or durability. Limestone is 
fre(|uantly prohihitcal on the | 4 :round of its laak of durahility-~not 
beini^ a |,?oo(i resistant of either fire or aaid-fu!ti(*H. In faat, the huild- 
in^^ d(*parlmenls of many of tlu^ lar^u* allies will not permit the use 
of limestone for reinfo read aonarata aonstruation. 

Sandstone.— Sandstom* should he* in (|unlity and fr(‘(Hlom from 
dt*feats fully e(iual to the limc*slone speaitied ahovu*. Many sandstones 
are of d(*(iaient streiurth, and should he used only altar dc^termituition 
of tiudr Htnuurth. Soft or sludy sandstone siundd not hc^ ustuL The 
g-rmit ohjaation to sandstones is their laak of toim'hnasH and their 
porosity; they are usually weak, and, unless thoron^dily soaked 
lH‘for<» mixinir, will irive troulde by ahsorhini^ (‘xaessive amounts of 
water, thus prevtmtin^^ plant laity and a thoromMi mixture. 

Shape of Broken Stone. * liroken stoiu* shouhl be n(*arly aubiaal in 
in form, as tliin, flat pariiales will tiot paak wall. Tlie shape of the 
fni^mu‘nts has an important c*tTeai on the proportion of voids in ilie 
mass. (See page 71.) 

Size of Broken Stone.~In rac‘aHunng brok<*n stone, the size of the 
stone is determined ly the size of llu^ riiig througli whiah it will pass. 
The* size to whiah an aggregate siundd he r<»dnac*d by arushing dt^petuls 
up(m the alasB of st mature in whiah the stom^ is to he used. Tlia 
storn* should he broken small enough to be fonv(*niently luindlt*d and 
easily inaorptirated with tlie mortar; but, otlier things being tlie 
same, tlu^ larger the stone, tlie stronger and the denser the aonart‘t(». 
TlH‘refore, the largest stone slmuld be used that is aonsistent with 
pre^per plaaing, taking into aaaount the (lirnensions of tlie form, and 
the size ami disposititm of tlie reinforcing bars or wire fabria. In 
using a large steme, aare must be takc»n to pn*vent it from separating 
from tlie aonarete, and to prevent it from moving the reinforaemeni 
out of plaae (see page 71). The aggregate for small work should 
have small sizes oi stone. 

Stone for reinforaed aonarata varies from 14 b* inelu’S, 

that passing a %-itiali ring or mesh being rmist aomrnon. In rein¬ 
foraed aonarete beiinis ami aolumns the maximum size of Htom*s Hhoidd 
generally be % ineh to l inali. The reiiHon that the Htom*H should he 
amall is that they will paak around tlie rc*inforaamc*nt and not 
leave voids, in arehes a good size, if no small mesheH are employed 
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in the rc'inforeement, is 2 inehes to 2^2 ineln^s. For plain eonrrete 
the stone is usually broketi to pass any wny throiiyh n 2- (u* 2 * 2 ~ 
ineh viny:. For larue luasses of (‘tHHnvt«% 2> stone is usually 

eotisidcu'C'd the luaxiinuiu si/.(*, Imt for I2~incdi walls niul I ho iHual 
class of eouer(d(‘ const I’ludioiu will he fouiul suIlieifUiI ly lur‘ 4 'C‘. 

Grading Broken Stone.— The sttnie should I)e uiuloruu that is, 
there should not l)e just a few of the lariresl size of ^U^ues. or an 
excc'ss of the same; also ther(‘ sliouhl not he an exei^ss of very small 
particl(*s. In other words, tlu‘ lu'oken stone slumld cimsist of parfu'h's 
of variable siza* from those of the size cd‘ the Inruesf MUid to tin* 
laru’est stones, so that the sruall pieces may fill the \oids t»f larire 
ones. The finer the stt>fU‘ the greater the surfiu'e to he coated, and 
consecpumtly the trrtaiier the amount of ecurjent required. A f^raduated 
mixture of the (linVrciit sizes of stone produces a denser, Htrt»n};er, 
and rnort* economical concrete than stone <if a uni form hize. 

Utdoadiusjf of the stone is apt to separate the lurire Hto!if*H fnuii tlie 
small ones. The whole pile, as wcdl as dilTereut dtdiveries, slumld he 
well mixed, so that difTenmt laitches of concrete will he as nt‘iir alike 
as possible'. 

Cleanness of Broken Stone.- liroken stoiu* slumhl h«» clean and 
frov from dust, dirt and other foreimi rnfitfiu’, such as \evotalde mold, 
scale, or loam, which clinuriny to the Hurfiice will reduce the hI reinedh 
of th(' concrete.. Disinteirrated stoiu' or lirokeii stiuii' coiilaiiiinq mica 
should he rejecte<L Tlu*re sluudd i»d he over I |»t‘r eeiit tif rotlmi 
stonc'. Dumpiniir st<me in dirty places may result in ii liirire qiiantity 
of dirt u’^'ttin*^ into a hatch of concrete. 

Bnn of the Crasher.- The lalc‘st pnictice in luakiitq cMiiereti* U to 
nse‘ stone as it eornes from fhi* crusher, willioiif Mrree!iifi’.f if, While 
such st(»n(*, termcHl run of the crush<‘i% ciuitiniw lirokeii nf u size 

Bp(H*ifi(‘d, it also has smaller particles of sfotie and sucli *'4iiiie dint iis 
is carrical alon^ with tlie lu’tiken stone from the criHlier. Its im* 
reduc(‘s the proporti<m (d' satul re<juirt*d. hut tin* iiiiiiitiiil of IIiih imlue- 
iien should la* detmauined hy iiiijilysis. In cUlier \\mdt4. \\ln*n ttie iiiii 
of the ernsher is ihcjI, the proportimi of tlie eeiiuuit itiid siiiid iiitisi 
bf' chanired, Ix'cauHf* tlie shuie dust takes the pliice of Huiid; iiiu! if 
mix(‘d with the Inxdctm stone, u»iii,ix tlie siitiie priijiortiufi ii.n. %peei- 
fi(al for eleati lirokim stone, a much piH»rer cfuirrete will rcioilt, n fact 
whicdi should always lie home in fiiiinl. The itiithi»r liiis snui enedier* 
run used as if it were sereenefl stone jiinl tlie stated jirnpitrfinn of 
sand added relitriously, with the result thiit the mi\ltire \vm exceeil- 
ingly ^ ^ mushy and afterwanls, in Hpots, criiiiilily. 

In usinp: run-of-eruslier material, Htiidy criislier ciititiilions m tm 
to obtain a reasonably uniform profliiet, Hiiiei* the |tr«i|ii»rttoii of 
large and smnll partichs in t!ii» run of the enislirr df|iiuuh< luiiiHiderjo 
bly tipon the eliaracier of tlie stone wliiclt Is liriiiif lindieii tip. niul 
perhaps to some extent on the crtisfier itself, llfm. pniitfitiioiiti ’^duuilil 
invariably he tested at friMjuent ifitervals dfiritig llie fiiovriw of tlie 
work, and the amount of sand to he foldeil to iiiiike ii gootl rtuiriTtr 
should lie cleteriniued liy trial testH (nee piiife Tlhl, so lliiif the 
ing percentage of voids shall be m sniiil! its it 1*4 iiriietieiililr !«♦ iiifilce it. 
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Wluni it is spo(*ifi(‘tl tiuit run-of-th(‘-(*nisli(‘r s(<>!U‘ is lo lx* UHtxi» 
it, should not lx* to luoau that lonu’, Ihiii, Ihil {)i<‘c'cs of stone iiiay 

be used; they an* an elt'ineid. t)r \\H‘aku(*ss and should lx* (*X('lu<l(*d. 
Cruslier-nin^ soin(‘tinies to tin* ([uarryumn, m(‘ans (*verytbin,ir in his 
(juarry that, eau be ,<»'ot on a shov(‘l. This ini*ans ad<UtionnI worry 
for the insiK'etor. In usin.u‘ erusher run tin* very tinest <lust should 
be wiislu‘d or sere(‘tied out, as it t(‘nds to etxit the larire pie(x*s atid 
prev(‘nt the eemenl Troiu adherinj^’ to tlu‘m. If the nx'k <lust is iiot 
uniformly disiribid(*d it may be best to sen‘(*n it out and use it as 
sand. Of eourse if this dust is rotten stone .u'rcnmd up, it must be 
screened out or otherwis(» r(*mov(‘d. 

Screened vs. Unscreened Broken Stone.— It is freciuently reepdred 
tlsat tlie broken stone* shall be frc*(*d from all finc^ material, r(‘sultinjj: 
from the crushing of the stom*, l>t*fore tin* itiortar is addcxl to form 
conei'ete. Tlu^ wisdom of this i‘t*(juii’(*meut is not always (dear and 
depends upon the kind of stem*; iud<‘SH, as dt*seribed laft‘r, if in 
iid(*nded to mix d(*tinite proportions of sc*v(‘nil sizt's cd’ enrc*ftdly 
sereened brokeii stom*. C^nnrry tailinK^, (*te., in crushed stone aiu* md 
a positive dc*trinH*!d, as is som(‘tim(‘H supp(»s(*d. Stum* forms (d' 
crusher dust or seret^ninu's tdvt*. if not too fim*. exe(*IIerd restdfs in 
mortar; this is espeeially tnu* of liuxxstom* scre(*niny:H. It is invariably 
found that unscret*ned stone or tlu* run of the* erusher has a far less 
per C(*n! of voids tlian sereened Hhuu*, thus ^^reat(*r dt'nsity ami 

conserjuc‘idly !rreafer sfrenijrth; etTe(din|»’ adso a saving in eem<*!d, and, 
if liuiy, aetini^^ as binder lx*sideH. 

Tlu* obj<*etiou to a Innu* peretudatre <d* stom* dust is that, as a 
rule, rock wldeh, when ertislietl, *,riv(‘H a larvp* pei’e(*nta*'<* td’ tins! ir(*n» 
erally coidaiiis eonsiderabb* rottt*n rcxdc, wliieb is ip’oiind to dtiHf in it?* 
pasHup^ thnnndi the eniHlH*r. Au’ain. if a Httuie is eoV(*r(*fl with u 
layer c»f moistetH‘(l, floury dust, it cannot be so r<*atlily broui,dd in 
direct contact with th(< rmniar, and if tlu* mtudar d(x*H not rcatcli the 
stone it in made* b*SH ri(*h by the* dust, which acts as so inmdi fbu* sand. 

UnlesH care is exercisexl, the true run td' I lie cruslier will md be 
ofdained, for, if tlu* crushed wtom* is ptuired itd.o a !H*ap, a Hf*piiratit»ti 
of the »lifTc*rent sizes is siiri* to oceiir, in a irreafer <»r a less de*i4Tet\ 
That is to say, there is apt to be a .Heparation <d’ the eimrst* part teles 
from thc^ fine as fhc*y roll down the pdt* ho tliat fens liotnom*»teouH pro- 
portiorjs can be aftained. In other words, flu* fine* material cidleefn 
iti certaitj parts of the fun or pib», timklui^’ tlu* proptniion irre‘,pdar* so 
that one bateh id' conerete may have a ridi mortar with a eompara 
lively lar^e amount of stom*, wdiili* auoflter may lima* a p(»or mortar 
with hut little stone. To pr(*V(*nt fids, tlie cruMlied stom* should fall 
directly into the ixaiii^e-box frmu the erusher. 

Even witen the true run of flu* crustier is obtained, it is eu<!eni 
that the product may md be tun form, as slii/hi variations in flu* hard- 
neHH or texture of flu* stone may produee m'eat variatioiiM in flu* size 
of the eruslicd nialeriiil, flic pereeiita«4e cd’ flm* partiedes, ett*. 

Owini^ to tin* unavoidable tendem*y of tirades fee sepnrale in flue 
Bc*veral liandliims iiift*rveriinf^ between criiH|iim.f and mdmr, flu* fine 
material is more tlum likely !o be bunched, and for this reason if will 
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generally be necessary to screen out the rock dust or fine stuff. If, 
therefore, all of that portion of the broken stone finer than, say, one- 
eighth of an inch, be screened out and used as so much sand in making 
the mortar, the resulting concrete will be better and more nearly 
uniform in quality. In other words, a more accurate method of using 
crusher-run is to screen out the fine material and then mix in the 
required proportions, using the fine particles to replace sand in the 
mortar. 

Specific G-ravity of Stone. —The specific gravity of hard stone 
suitable for concrete varies generally within narrow limits, and can 
often be used to advantage in calculating weight and proportions of 
voids. Specific gravity of various rocks is about as follows: 

Trap.2.8 to 3.0 

Granite.2.6 to 2.8 

Limestone .2.6 to 2.7 

Conglomerate.2.5 to 2.8 

Sandstone.2.3 to 2.6 

Weight of Broken Stone. —The weight of crushed or broken stone 
varies with the amount of compacting it has received, whether by 
being dropped into the bin or ear, or by being shaken during trans¬ 
portation. It will also vary with the relative size and grading, llio 
less the number of gradings and the smaller the individual pieces the 
lighter the weight per cubic foot. A lot of broken stone, mostly one 
size, will average from 75 to 90 lbs. per cu. ft., depending on the 
quality of the rock, trap being heavier than most other stone; wdiereas, 
if well graded, the weight may exceed 100 to 120 lbs. The amount of 
broken limestone per eu. ft. is about 85 to 95 lbs., or about 2,300 to 
2,600 lbs. per cu. yd. A cu. yd. of crushed stone of 2.7 specific gravity 
and 45 per cent voids will weigh almost exactly 2,500 lbs., a value 
frequently assumed. 

Voids in Broken Stone. —The percentage of voids in broken stone 
varies with the uniformity of the stone, its shape and degree of com¬ 
pactness. It also varies with the nature of the stone; whether it is 
broken by hand or by crusher; with the kind of crusher used, and 
upon whether it is screened or crusher-run product. Voids in broken 
stone will range from 30 to 55 per cent, seldom exceeding 52 pew 
cent, however, even when the fragments are of uniform si/.e and il\i\ 
stone is shoveled loose into the measuring box. Voids in loose broken 
stone, crusher-run, with the fine material screened out, will generally 
range from 43 to 48 per cent. Heavy ramming will redneo the voids 
in loose stone about 15 per cent. If well shaken or rammed, as in the 
placing of concrete, the volume can readily be reduced 10 per cent. 
The voids in broken stone usually run from 40 to 50 per cent of the 
volume. 

Caring for Broken Stone upon the Works.— Where a crusher is 
used on the works, the different grades of screened broken stone 
should be deposited in bins or piles properly labeled, so that there 
can be no mistake made by the man in charge of the mixer or the dif- 
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rt'rcni of when tlunv eoines a eall lor a change oi’ size of 

broken stone in (he eoncrthe mixiiire. 

If, on (he otln'r luuul, IIh‘ brokcai stone is received on the works 
by the ('arloatk it shonhl be seen to that each carload is labeled as 
to its grade, and tluit it is ludoaded into its proper bin or pile. As a 
s.ilegnard wlun-e tht' hrok(‘n stone is received by the carload, and not 
inspected as to its grade, and especially whtni coining from an unri'- 
liable^ yank it is wcdl to run the stone through screens so arranged and 
spouted btnieath tliat the ditterent grades reacdi their proper piles. 

Too much str(‘SH cannot he placed upon the importance of classify¬ 
ing tiie ditT<*n‘nt grades or sizes of broken stone, and keeping each 
within its sphere tor its propeu* installation in thci structure. For each 
grad(» of brokmi stone there is a definite anioimt of sand and a fixed 
proportion td* e(*!uent within limits rcMiuired to make a homogeneous 
C()ucreie; and without this homogeneity of mass, a weakness in the 
work results, just as would he the case if poor cement were allowed to 
ent(‘r or left out entirely. As there is a satVguard against this latter, 
so there' is agaiuNt allowing the ditTereni grades of broken stone to be 
intercluuiged, and this is cnrt» on tlie part of the inspector. 

To he more explicit in rc'gard to the conHecpiencc's wliich are bound 
to exist without proper care, lc*t us supiume, for instance, that the 
mixture which is being run through the mixer is for lieams or lloors in 
a n'iuforced concrete building, and the measuring devices are set for 
tlu' pnjper amount of sand and cc'inent for a i/j gauge stone. 
Tlinmgh carcdc'SHuesH, let us supposi' that tlu' mixer hopper has been 
chanxt'd with a few l)uckc'ts of a 2Vg—I gauge stones along with the 
Vi gnugtt. Wlien this enters the measuritig hopper thc‘re. is 
neitlur time nor ready means of changing the sand and cement to 
agree, pn»vided tlie tender knew enough, (’onseijuently, the larger 
sfemt' gfu's through with the proportions of sand and cerru'nt for the 

smaller stone,. in other words, with voids untilled, and the concrete 

far from being liomogeneouH. lint the trouble does not end here, fc»r 
it is impoHsible to work the large size stone into a small beam, or 
around the steel reinforeement without allowdug voids to form, and 
again Itomegerieity is sacrificed. Thus a slip in one respect has weak- 
emal tlu* structure. 

Flat forms should invariably be provided tipon which the broken 
uimu* may be placed wlien Immiglit upon the line of the wmrk, and any 
m»t mi plftcc*d sliould be rejected by the insfmetor. (Hea Art. 7, 
page 73, 

Eejiction of Brokon Stone.—-At any time tlu^ broken stone deliv¬ 
ered cltH's not fully meet tlm ra<iuirements as stated above, it sliould 
Ih* reject imL 

Tlie iftiiirries selling broken stone scunetiraes attempt to dispose 
c»f broken stone mixed wdtli ciuarry refuse, stone dust, etc., and each 
cfirloful or wagon loud sbouhl he carefully inspected, and rejected if 
the miiterlal Is not as perfectly satisfactory as will give tirst-class 
results when mixiul in concrete. Do not accept stonci with a large 
perceiitfige of tailingii, nor stone with more than 15 per cent of stone 
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dust. Too Tniieh fine stone in the aggregate is detrimental to 
strength of the concrete. 

Do not accept stone with more than 1 per cent of weathered rc 
ISTo soapstone or rotten stone whatever should be allowed. Dec 
posed stone should be rejected. 

Soft white limestone should be excluded. For fireproof consti 
tion some of the limestones and rocks containing feldspar should 
avoided. When considerable fire-resistance is essential, i. e., r< 
forced concrete buildings, limestone and like materials liable to 
integrate or become calcined under the action of fire should not 
used. 

Slaty or shaly rocks are not good material for concrete aggreg 
and should never be so employed. 

Unless first very carefully examined, both physically and cher 
ally, the use of chatsshould not be permitted. (See page 8G.) 

Piles or heaps of broken stone having admixture of dirt or st 
of a larger size than specified should be unconditionally rejected. 

Do not accept stone a noticeable percentage of which goes 
pieces under the rammer. The stones should not have incipient cra< 
so that they will crush under the rammer. Stone which yields a gi 
deal of fine material in crushing should be avoided, as such stone 
not strong. 

Any stone which shows a tendency to break into flat, thin pie 
should also be rejected. Soft, flat or elongated particles do not m; 
a satisfactory material for coarse aggregate. Stone which bre, 
more easily in some directions than others, or exhibits cleavage, 
hard to tamp compactly. Mica schist is of this class, and should 
avoided for reinforced concrete, though it may be allowed for mass 
construction. 

Occasionally broken stone comes from a formation that is rat 
brittle and the crusher causes small cracks that extend throughout 
stone and are apt to be a source of weakness. Such stone should 
rejected. 

DETEEMINATIOlSrS FOR BROKEIST STONE 

The usual determinations for broken stone are: Shape of partie! 
size of particles, mineral composition of particles, cleanness t 
amount of voids. Any of the methods used in making detei*minati( 
for sand (see page 93) can be used in making determinations 
broken stone. As a matter of fact, visual examination is usually 
that is necessary for any of the determinations except for voids £ 
for exact analysis of the various sizes of particles composing i 
broken stone. Tests, however, should be made for crushing resistai 
and also for fire resistance when used in building construction. 

Toughness. —Tap vigorously with a light carpenter’s hammer f< 
or five times in quick succession. Stone should begin to crush un( 
this impact before it spalls, splits or otherwise fractures. Mart 
fragility should cause rejection. See that stone particles are 
cleanly broken and have no incipient fractures. 

Some stones, more particularly of a shaly nature, are so tern 
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tluii they luny be broken between the lingers; sueig i‘vulently, are not 
siiitabli‘ nuiterial. 

Cleanness.- The presence t)! dirt in broken stone may readily be 
determined by putting a luindlul of tlie brokcm stone in a small 
strainer and turning (dean water on it, (*at(diiug the water in a glass 
disli. At‘t(‘r a while the dirt will stdtle in tlu‘ bottom of the dish. 
(See also pag(‘ ilo.) 

Crushing Resistance.— Tlie suitaliility of any particular stone for 
making (‘omundi* may be t('st(*d by using it in making a cnbt* ot* con- 
cndeaml crushing it at any agt‘ (h^sinnl; if the fragnumts of the stone 
pull out (d‘ th(» mortar, the adhesion of the ('emeiil limits the* str<‘iigth 
of the coiH'r(‘t{‘ hut if the rragm(‘nts of stoiu* are brok(‘n across, th(*n 
the strength of the* cemcredt* is limiteal by the slieairing strength of the 
stone*. 

Fire Resistance.— Place an ave*rage sample of the broken stone* on 
an ordinary shovel or in a pan and hold ove*r a hot tire* until the* broke*n 
stone* ht‘atH a dull red, I'lie* stone* should th(‘n be* suddenly chilh‘d with 
eeihl watt*!*. It should stand b<»th lumting and ediilling without Hol‘t(‘n- 
ing, spalling or che*cking. This t(*st is an important one*, as many hard 
Hteme*s, (‘spe‘cially tin* lime* rocks and granite, will crumbles rapidly 
unde*r a small amount of iu‘at. 

Acid Resistance. A samide* ed‘ !)roki*n stone* should la* treateul with 
strong or eonce*ntrai(*d muriatic acid, which may be* applied by pouring 
on the acid or by in»nie‘rHing the* bredu'U stone* Itse*!!’ in a. ve'ssel of the 
acid. A glass dish sbotdd pr(*rc*ral)ly Ik* uH(*d for this purposes rnflt- 
n<‘SH of the* stone will be* indie*ate*d by a vioIc*nt e*rferv(*Hce‘nce, 
accompnnie*d by rapid crumbling. Hard Iirm‘slont‘H and (hdomitt*s 
(macuchium lim<*Htom*s) are* attack(*d by acid, but l<*ss vigorously than 
s<d'l bmt*stone*H and marbles (a type* of me*tnme)rpliie* lime'stone). This 
distinction will e*HtnbIish a (»on\eiiie'ut basis for a choice between tw'o 
or meu'ee kinds of rime*st{»ne* propost*<l For use*. 

Determination of Voids. The* per cent of voids in a mass of 
broke*!! sbmt* may la* det<‘rminc<l by eitlu*r of tlie^ two metboels 
e*mp!oye*el in finding the voiels in sand, (See pHge*s t)H iinel fHl.) 

\'oidH in bredi«*n nteme* may be de‘te»rmin<*d with fair accuracy by 
naaiHuring the amemnl of watew re’ejiiir‘e*<l to till tbc' vends in a givc»n 
volume* ed’ hrokem stone*. The nie‘tliod by pouring watc*r inlo the mass 
is rt*asemably ae'emnile* for stone* liaving but little fine* mate‘rial iti it; 
but for orilimiry crusher-run broke*!! stenug the* mate*riiil slioiild be 
drop|H*d into the wiite»r and iitd tla^ water lamre'd into tlie stone*, ho 
tliat tio* formalie.n e»f’ air ImbblcH will be df‘cre*nHed. The* pe»rea*ntage* 
e»f error, la»wever, dm* to smdi cauHc, is far less than it is in a similar 
test eif sand, and file error for ordinary work is lea> smiill tej linve any 
praedicfil efTect em the re*hult. If the stonet is poi'otis, it is be*Ht to 
wet if, HO iH tee defertnlm* the voids be*twe*t*n tla^ fragmt‘!itH; for tin* 
water itlHurbi*d by the materiiil should md. be* inclmh'd in the* voiels, 
Hiiiia* porous st«»ne is usually i!anipene*d wlie*!! tnlxod in ce>ne'r(*te. In 
wetting the br*d\i*!l Htonce !a»fe»re* delerminitig the* voids, no lotwe* waiter 
slanibl reitisitn in the pile. The voids may be^ de»te*rmine*el for the sfeme 
loose ejr compacte*(L 
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Voids in broken stone may be determined somewhat more aeenratcly 
by weighing a known volume and calculating the volume of solid 
material by means of its specific gravit}^ (See page IIG.) If 
V=volume of broken stone, W=weight of volume V, G=specifie grav¬ 
ity of solid stone, and P=percentage of voids, then 

P=l—W/V (GX62.5). 

Care must be taken in filling the vessel with broken stone, so that 
the degree of compactness will be uniform. The voids should pref¬ 
erably be determined with the broken stone simply shoveled into the 
receptacle or slightly compacted by dropping a short distance. 

Volumetric Synthesis.—Having determined the particular broken 
stone which is to be used on any piece of work, a simple and accurate 
way of determining the most advantageous combination of sizes of 
particles to produce a minimum per cent of voids is by successive 
trials, as described on page 109, for gravel. 


PREPAEATION OF BROKEN STONE 

Broken stone may be produced by breaking quarry stone in a 
stone-crusher, and separating it from the dust and large fragments, 
by passing it through an inclined cylindrical revolving screen. When 
but a small quantity of concrete is to be made, and broken stone can¬ 
not be purchased in the vicinity, the stone for concrete may be broken 
by hand, but this is an extremely tedious process, and should be 
avoided whenever possible. The aggregate after preparation should 
be free from all dirt, decomposed rock, argillaceous and organic 
material. 

Screening.—Crushed stone may require removal of the dust. If 
there is much dust present it may be removed by means of a small 
mesh screen. 

Washing.—Another way to remove the dust is to wash the crushed 
stone in a barrel having a wire-sieve bottom; the water running 
through the stone will carry with it all the dust. (See page 103.) 

Stone Crushers.—Stone crushers are of two general types, the jaw 
crusher and the gyratory crusher. The former is better adapted to 
small or portable plants, while the latter is generally used in large 
stationary plants. 

The jaw-breaker crusher consists of two jaws, one fixed and the 
other hinged at the top, the lower end being moved backward and 
forward through a very small are by means of a toggle joint or other 
mechanism. The motion is imparted by the eccentric shaft, which, in 
revolving, raises and lowers the ^^pitman,’’ whose lower end is con¬ 
nected by toggles with the lower end of the movable jaw. The dis¬ 
tance between the jaws at the bottom regulates the size of the stone 
passing through them—^that is, the size of the largest fragments or 
particles, and this distance may be adjusted at will by using longer 
or shorter toggles. The size of a jaw crusher is designated by the 
opening into which the stone is introduced. A convenient size of jaw 
crusher for a semi-portable plant is about 10x16 in. This will crush 
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from no to 100 ou. ytls. per day, dopouding' upon the texture of tiie 
stone and the sizes of the lai'.u’est particdes ilesiretl. 

The .iTyratory erusher et)nsists essinitially of a eorruL»:at(*d eone of 
(diilled iroip called the hreakinii: head, within an invertcnl cimical 
cliamlxT or shell, which is liiunl with chilled iron pieces. The vtulical 
shaft bearing* th(‘ bri'aking head is pivot( hI at the uppcn' einl, whiles the 
lower en<l travels in a small circle; the g:yratory motion of the h(‘ad 
being produced by an ectamtric. keyed to the lower end of the' cone 
shaft, so that it approachc's successive'ly each eh'uu'nt of the slu'll. 
In other words, as tlie shaft revolves the cone is giv('n a sort of a 
rocking or eccentric motion which continually directs it t()ward, and 
then away from, different portions of the shell. The size' of tlu' brokt'n 
stone can bo regulatt'd by raising or lowering the breaking hc*ad or the 
com^ on the shaft. The size of the crusher is dt'termiiu'd by tlie wi<lth 
of the opening between the top of the cone and the slu'll, and tlu' cir- 
cumf(‘rence. A No. 4 gyratory eruslu'r with optmitigs 8x27 inches is 
usually recommended for a concrete plant producing about 200 cubic 
yards per day. 

Stone crushers are made of various sizt's having capacitit's up to 
one htmdred and ten tons ju'r hour. The capacity of any crusher 
varies with many comlitions. The kind of stones and the si/a's of the 
Iarg(‘st particles affect the capacity of a crusher. The elllcieucy of a 
crusher is higher on a sliort time test than on ii hmg time tt'st, and 
while a crusher may he used up to its ralt'd capacity for an hour or 
for a day, the avc'rage efliclency for a memth will l)e fcnind much h'SH 
tlnin calalcjgue figure's, usually alauit 55 per cent of the rated capacity, 
heenuse they are hnsc'd en maximum capacity with continuouH lVc<ling, 
while in practice tht*re arei likt'ly to be unavoidahh^ dt'kiys. 

Crusher Screens.—t’ruHluug plants are usually provided wife 
revadving screens, made in sect ions from 3 to 5 ft. hmg, and ot a 
diametc'r of 2 tt> 4 ft., into whicli the hrokc'ii stone is <it*livei'cd t‘i'om 
tiu' crusher; per fern t ions in these screens alh»wing the stone to fall 
into bins placed henentli, the hole's being such as to separate the 
material info the sizes desirc'd. For concrt'te, nnh'SH two i»r more 
sizes of stone are mixed, only two size's of mesh are retpured, tlie 
maximum size and a V'riarh sen'en tei remove the dust. 

Crusher Plants,— If the rendc'r is interested in the arrangement tjf 
crusher plants, lie can oldain a descriptiou of many plants, Huccc'Hsful 
and economical in operation, from alnu^st any of tht' hlamlnrd htadis 
now published on the subject of Fouende^ or Heinforced Foncu'cte, and 
in tlie vedumes tjf and Conimvting^ Kmjinrrrinij Kvivh and 

Engintr ring Mrro rd, 

Tlu' following general principles may he laid tlown: 

When large amounts of camcrete are napiirt'd, and the stone in to 
be crushed on the work, tlie arrangement of the cnmlier plant siioultl 
rect'ive careful stmly to facilitate tlie Imndiing of the r<a*k to ainl 
from the cruslier. The broken slone Hhcadd he discharged froin the 
ciusher inio bins, from which the wdieelliiirrowH, carts or ears may 
be fi!le«l liy gravity, or frtati wdiicli tim bndvcn stone may be letl 
directly to the mixer througli a chute or cdlnm form tjf conveyor. 
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Art. 11.—Cinders, Slag and Miscellaneons Materials for 

Concrete 

is vi‘rila!)!y a liimo tiiixiiiir pot, in wliich ilu* tnlils mul 
ends <>r otlit*r\vis(‘ \vast(‘ luattM'inl and rcd'ns(s so loisir ns it is hai-d atid 
tou.aii, may bc' indisia’imiualcdy intcn'iuinylad and by tlta ma-'/n* ot' 
(anmnit converted into a smooth, cltmst*. hard ami durable stone of any 
form and dimensions \vluitsoev<u‘. Thus, bri<'k-buts, hrok(*n yhms, 
Ijroken stoiu^ (stm Art. 10), buimt clay, cinders, eoke-brt‘c»Zi‘, c(»ral, 
crock(u*y, (lints, <iravi‘l (see Art. 9), (»yst(‘r sludls, pnndireozi*, puiuico, 
sea shells, shale, slack-coal, sbe^’, slate, anti what not inucli td witicli 
is otlu'rvvise oidy worthless debris - may bi* utiliziMl on occasion as 
liller for conendt*. and so mach' to reiid<T tdlicient s(‘r\ict». 

CINDEKS 

('indtu’s are rmhltu’. nioie pvutms. and uau'e frialOi* tlmn broken 
sloiu* or i.n-aN'd; Init cinders are valuable as nti aevna^mite for concrete 
wiiere li: 4 iittu*ss is more* impoiian! than sti’cmuth, as in flie sueet-wAc' 
doors id’ tall bnildinus, in (‘onerete for firt^prcadbiir purponcs mid fur 
very low stressi's. B(‘iiii»' porotw and livid in weii»bt, citiders are not 
as stronjr ns broken stone or vravei, ami must not hi' iinci! where 
stnmv'th is napiired, nor slumld einder c«>ncrefi^ (si^e Art. 01 I Ic' Mib- 
jected to hutd before one montli tdd. (‘inders otTer tiiaiiy ndvatitieH's 
as an air^iawate for concrete, but iniwt be used caiitiiiir«i|y as flu»y 
often contain danyun’otis impurities and particles <d* iiiiburiied coal. 
In any structure w!u*re the strtuuith cd’ the concrete in a nialtcr of 
imt>orlance, cindm’s shinild not be used without a tlioroiivdi iii.Hpf*ctioiL 
See Art. 07, pap* 075, for uses of cinder eonerele. 

Quality of Cinders.— (Omlers slundd be eomp<wcd id’ hard, eleuri, 
vitreous clink(‘r, fr(‘i* frmn ashes, sulphideH and untniuied coiiL iliic 
li^reat objection !(» cinders is the i^reat diflieulty of »*e!!iiiv a i:ooi| 
quality. If hard coal. Hleam-fnrnac’e eimlers, tlioroiiijldy burned out, 
were always obtainable it wotdd be a iliUVrent mutter, hut of the 
stulT ottered an cinders is little better thiiii coiil-iisli, mid tiHUitlly i'lill 
of unignited particles. (Onders should be of kooiI, cleiiii, eriisficti, 
vitrified clinkers, as the tu'dinary cimlers lire nitf fit for fireproof 
work. Those from anthracite eoa! are iisuftlly the owiiiu to 

beina: liarder, p*neriil!y more dense iind less Ititlde to emititiii tiijiiriotw 
amounts id’ Hulpliur. 

(!indem for use in concrete siiouli! not coiitiiiii iiiiiny, if aiiy, fine 
ashes, since they pre!4t»nt too miieli surface to be covered by the ceiiieiit. 
As pmerally rurfd^hcul, cimbwH are compoHctl of aiitl 

are very uuHuitnble for concrete*. (liidcrH iiiiide by power fibiiifs, 
sometimes called sieam»funiiief* or Htcnm cinders, are iiiiicli Iteiier 
suited for concrede than ashes from lioiiseliobi fiirfiiiecs, becait'-^e flie 
fires in the former art* hotter siiitl ftwe most of flic itilo ciinlcrti 

or cliukerB, leavini: little fine iiiiileiial. lit otlicr wonls, i^noil biiilcr 
furnace eindt^rs from power plant h make the UcmI cinder coiicnne. 
Hteam»furnftce cimlcrH that have been dreiiclieil with iriifcr mum 
as drawn from the furnace, pmeriilly ealbal ciiiilcrs, nn* bidfi^r 
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than tliose that Iuivt‘ lanni allowed to burn in thc^ pilo^ sinee tluw 
contain iVvvcn* lin(‘ aslu^s. t'inders For reiiiForeed concrete slumld not 
contain more than 5 i>(*r ccmt of ash^ and it is preleral)h‘ to kt*ep tlies 
pi*rcentage down Foi* any othei' concrete. WcxmI ashes slionld never 
bo iiscnl, as tliey contain a i»'r('at <leal oF finc^ material, and alst> since 
a considerable pari of tiunn is solnbl(‘. 

One possible objcxdion to tlu‘ us(‘ oF cindm’S lit'S in the fact that 
they fre((U(‘ntly contain sulphur and other clieniiiails vvhiidi may pro¬ 
duce corrosion oF the steel ivinForcmiumt. In Fai't, cimhu's UMially 
contain much sulphur. Stind reinForcement lahl in cimhu's^ it! 
moisture be present, will rapidly corro<le, on account oi* tlu‘ Formatioii 
oi‘ sulphuric, acid, due to oxidation of the sulphur and a<idition oh 
water. Iron or slisd pipe laid in a cindcu* till shoidd las surrtamded 
by concrete or at least by clay. 

Oiml(‘i*s For flrt'pi'ootiu.u’ work should lie chostm car<d'ully, as the 
presence of unhurned coal will nmdc'rHiich ctmcr(‘t«» (he Imist tir<*proor, 
whiu*c‘as it is supposcal to he the most tireprooF, In otlun* wonls, tin* 
particles of unhurned coal soon burn out in (‘vciit of fires h'auuj.c tlu^ 
concrt‘(e correspondingly pitlc^d, Cimhu'H for tirc‘prooliny‘ should not 
contain more than f> p(*r c<mt of uucousumtul coal, and for otlier pur¬ 
poses not more than bl per cent. 

Screening Cinders.— For ^ood cimhu* cou(*r<‘fc‘, it. is oft cm neeiwary 
to scrmai out tlie ashes and rtd’tmt* and oftmi to crush the coarsi* par¬ 
ticles or lar.u'i* cliuktu's. Wlum screaming cinders which art' to he- used 
as an for flrc'pnxd’ concrtde, all the larue clinkm’s shouhl be 

crushc'd to the desirml size' and uscak as this is Ifu' mate'rial most 
desinal. A cind<»r sliould really contain very litth' cimhu*, 

hut hlioultl he nearly all dinktu’s whi<'li will pass throinrh a 1 inch 
mesh Hic‘\'c% and if very dirtv tlH*y should in additicui he* passcal ov(»r 
a mesh sieve, rsnally a hettc*r mixture caui he eihlainmi by 

Bcrc(‘nin*r the llm* stufT from the cimh‘rs and tlum mixinir in a larire 
}>roportion of sand, than by usini:* unscreened matc*rial, althomdu if 
the tim* htulT is uniformly disl ribut«*d throng-h I In* iuiish, it may he 
iis( d widiout «crec*nini;, and a Ic.hh proportion of sand ustal. I loud¬ 
en cu, comparative tests slionld hi* niatle to determim' wlu’ther or not 
the eiml<*rs should be scretmed. 

Washing Cindars.— t’indc*rH for concrete' nhould be clean. It is 
Hometimes necesnary to wash them, (Sc»e pam^ HKI.) 

Apparatus for Crushing Clinkers.'»-'Tlifi lar‘/e elinkc*rH in cinih*m 
can Ih* lirok«*n as described iichiw, or when a lat\m amount t»f clinkers 
are to he crushed a small rock crusher or a set «»r rolls will be nmre 
©conomical 

A slat platform can be constructed by Indtimr together flat bars of 
iron, fibout separatinit the bars about 1 incfi with spr<»ad{*rH, A 

curb or box rim is t!i«*n put around tluK slat platform, and the plat 
form H<*i upon a coiifile of tre%f!eH about 2 ft. from tfie ^roumi. Tie* 
course partichn <ir lar'o* clittkcrs ar^* thrown in, cnwhcnl with a liinn* 
flat IifUnmer, or a fh.l iron concrete* raninier. tSce pane Iini.) A 
the clinkers are crushed I inch <sr le*ss they fall thronidt the nlats be 
the icround. 
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CEUSHED SLAG 

Blast furnace slag, a by-product of the iron industry, is much used 
in some localities for concrete, and gives good results. In fact, gcood, 
clean, blast furnace slag makes a concrete tliat is not greatly infexuor 
in strength to one in which broken stone or gravel is used. As sonic 
of the surfaces of slag are vitrified, or glazed, the adhesion of tbc 
concrete is not so strong as when broken stone is used, so that the 
concrete loses in tensile and shearing strengths. Crushed furnace slag: 
is often used as an aggregate for fireproofing, making a hard, strong:, 
fireproof concrete of 5 to 15 lbs. lighter weight per cu. ft. than brokcni 
stone or gravel. In fact, slag concrete is strictly fireproof. Furna<*o 
slag is not available in every locality, but is much used in some locali¬ 
ties where a supply is convenient, and a good quality of broken stone 
or gravel not so convenient. 

Quality of Slag. —Only the best quality of hot pot slag, free from 
dust and foreign matter, should be used. Some slags contain choinicalH 
which are injurious to steel. Slag for concrete work should bo nearly 
free from sulphur or other injurious agents and must be hard and not 
spongy. It should not be honey-combed. 

Ordinary broken slag does not seem to be a desirable aggregate on 
account of its unstable chemical composition. Certain kinds of slag: 
contain very injurious chemicals, such as sulphate of lime, etc. Tliis 
is especially true of fresh slag, which usually carries a considerable 
percentage of sulphurous matter in the anhydrous condition (lacking: 
water), and this content, when brought in contact with water or 
moisture, forms sulphuric acid, which in turn reacts upon the cement, 
decomposing it and liberating the obnoxious gas, hydrogen sulplficU* 
(recognizable by the familiar odor of bad eggs). While the sulpbur 
affects the cement only to a limited extent, it is inclined to eaiiBe ilia 
iron or steel embedded in it to corrode, unless such material is thor¬ 
oughly covered with the cement. Great care must therefore be takcni 
if slag must be used to see that the sulphurous content is not excBBsiva. 

Seasoning may dissolve out the undesirable chemical compounds in 
the slag. When slag is to be used as an aggregate it should be allowacl 
at least six months for aeration to get rid of some of the sulphur* 
which would otherwise disintegrate the concrete. In other words, a 
slag some months old is preferable, as aeration has had opportunitv 
to rem^ove the sulphur. Failures have occurred from using slag: ntit 
sufficiently aerated, as otherwise it is a satisfactory aggregate. Whcui 
molten slag is run into water, it is granulated, and much of thv 
objectionable sulphur is washed out. 

Proportions. —Slag makes good concrete if used with the propur 
propoifion of mortar; for instance, 1:2:3 or 1:2:4. Owing to 
porous nature, slag takes about 30 per cent more cement and mortitr 
than either sand or stone. Slags from different furnaces vary widely 
and this point should be carefully investigated in determining on prO' 
portions. 

Porosity of Slag. —Slag is objectionable chiefly on account of IIh 
porosity, requiring an excess of cement, as mentioned above, and a 



CINDEJLS, ETC. 


l‘J5 

very wet mixture. The slajj;: is very dry and absorbs water in lari',(^ 
(juantities; the stock pile siiould, tliorei‘(»re, bt‘ kept soaking vvef at 
all times. Otherwise tlie et)nerele may not set up well. 

Reinforced Concrete.—li* slag material is used lor reinlorccal eon- 
erete. the reinroreement must be surrounded with line, rieli material 
(mortar). 

Testing Slags.—All slags should be investigated by a good testing 
Ial)oralory b(‘ror(‘ btdng used. Ohemieal analysis should invariably 
be insisted upon before using an unknowii slag. Judging a slag from 
the analysis of a small sample is not saf(s luHauise its composition 
vari(‘s witli change's in the oi)eratiou of the furnace i>r in the nature 
of the materials btdng smelted. 

MISOELLAKEOUS MATERIALS 

Shale.—As a rnle, a shaly rock, which is usually found in stratum 
formation, tloes m>t make a good aggregati' for conciH'te work, (’er- 
ta.in kinds of shale have great toughness wh<m in the natural depewit, 
but fall to a powder or split into particles when exposed to tlie intlu- 
ence of the air. The particles in breaking are liable t(^ break along 
lines of a cleavage in parallel planes, so that the partich's are in the 
form of slivers or splinters, with little thickness and body. Ckm« 
glomerate ctnnt‘nt(*d togetlier from a larger number <d’ small pieces 
should be prohibited, even if apparently hard. Sucii aggregates are 
not Huitables for c*oncrete, because the voids are likedy tt) be exci'ssive. 
liesides, the concrete will not pack so closely as c<mcr(‘te made with 
aggregates appnmching a nuu’e cubical form, as numtitmed ou page 
112. CrushtHl shale should not be used in reinlotred concrete earn- 
struct ion, as it frcc{ut*ntly contaiim larger ciuantitics of rotten nude, 
which has little strength and is therefore not suited to such work. 

Slate.-"--Broken slate is open to the same ohjectu>nH as shale 
though it is likfdy to he cleaner and freer from rotten rock. It is 
seldom used in ccmcrcTe work, and woubl otdy he consith'rcd as an 
aggregate where the locality detennines it t<» Im the most available 
material, (haished slate should not be used in reintorced eoncretc^ 
const ructhm. 

Broken Bricks. —Old bricks of hard cpiality furnish a cheap aggre¬ 
gates for eoncrete for many purposes wlien enwhed. Brokim britdc 
for use as a concrete^ aggregate should be fr*>m welUniriit and per¬ 
fectly sound am! hard clay bricks. Bare rnuHt be taken to sec tliat 
they arc not too stift. Tliey slunild be of the siy.c Hpecillc*! fen* brokem 
stone (He»e page IBI) anel be frc*e from ohl menlar ami from elust or 
particles that will pass through a sieve of yH“i*i<di nu*«h. 

Burnt Clay Ballast.- Onllnary burnt clay ballast for use an a 
concrete^ aggregathm Hbould be free frenn lime and sulplmr anil from 
nriburnf pnHicles, and slionhl las themoughly hard. In edher worels, 
hard burnt clay shendel be made* frotn suitable clay, fre*e from saml or 
silt, Imrni hard ainl tliorougldy. Absorptiem of water Hhouhl not 
exceed 15 per ce*nt. 
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Shells. —In some localities there are large deposits of shells, which, 
mixed with sand and cement, make a good concrete. Tests of any 
such substances should be made to determine the best mixture and 
the strength. 

Coral as an Aggregate. —^While in Florida during 1908-9, the 
author observed that crushed coral made a satisfactory aggregate for 
concrete. This rock is found along the coast, being fragments from 
some large coral formation which is hard enough to have withstood 
the action of the sea and weather. 

Pumice. —Pumice should be hard, free from all organic matter, 
soft dust or impurity, and show a bright silky structure when broken. 

Art. 12. Water for Concrete 

Water is the chemical agent which unites with the cement and 
results in that crystallization of the silicates which is commonly 
known as the setting of the cement. Most persons think that any 
kind of water is good enough for mixing concrete. Flowever, the same 
care should be given to mixing* wmter as is given to drinking waler. 
In general, it may be said that water ft for washing will be suitable 
for concrete. 

GENERAL REQUIREMENTS 

The water used in mixing the concrete should be fresh, clean, free 
from acid, strong alkalis, oils, and organic matter in solution or sus¬ 
pension, and preferably ^^soft^’—that is, free from mineral matter 
in solution. In other w^ords, the water should be clean, ^^soft,^' fresh 
and neutral. 

Pure Water. —The first consideration is pure water. Neither 
muddy water, stagnant water, water impregnated with alkali, nor 
water discolored by the refuse from factories, sewers, reduction- 
works or the like, will give the best results. If any doubt is ent(‘r- 
tained as to the purity of the water, it should be analyzed (see page 
129) or given a practical test. Clear rain or river water is best, since 
water from wells or springs oftentimes contains acids or other chem¬ 
icals likely to affect the cement. Water should by all means be free 
from mineral salts, which are detrimental to cement work. Fresh 
water may contain mineral matter in solution that will cause the water 
to have an injurious effect on the cement. Because water comes 
from an inland lake or stream is not proof positive that it is suitalde. 
Its effect on the cement to be used should always be learned. The 
use of water strongly impregnated with lime weakens the strength of 
the concrete and should be avoided wherever possible. 

Water that is to be used for concrete should also be free from iron 
or other impurities that tend to discolor the concrete. Any consider¬ 
able percentage of iron in the water will have the effect of making 
the concrete a dark brown color after exposure to the air for some 
time. There is no known method of altering this appearance, except 
to give the concrete a coat of paint of the desired color. 

Water should also be free from acids or strong alkalis. Water 
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vvhi<'h <*<>ntains salts in Sdlulion in small <inanti(ies is suilabh^ for 
t*i>n('r('(t% I>u( stronulv aoitl or sti’onaly iilkalino vvaltn' is douliirnl ami 
may bi‘ daim'tn'ous. Walor in alkali country is always opmi to doubt. 
Wluai working,' in sort ions ul tim ('oinitry wluu'r thorc^ is <'onsid(‘rable 
alkali, tin* \vat(*r shouUl bo losual and should luwtn' b(‘ used it' it 
<‘ontains alkali, t'omont is ('bomioully basio, and is tlun’cd’oro natu¬ 
rally a(*tiv<‘ to a grt*at(*r or loss (»xl(*nt with tlu* various sioids. Alkalis 
in \vat(*r may haston (In* sottiny and liardtnun^’ of oonondts bid are 
ultimatt'ly <ltdriimndal to stiHuiath, It’ if is impossibh* to obtain other 
wat<»r within a roasonablo oost, sanipli's (d' tin* wattn* should b(‘ taken 
to a <*ompidont ohomist for annlysiH, in order to sea* wind her lhc‘ alkali 
eonlained is likely to b<* harmtul to tin* eonoi*et(‘, as soim* of the 
salts known eommoidy as **alkali” are md hnrnd'nl. If eluunieal 
tests urc‘ impraotioabhs then make praetieal tests in thi‘ fltdd. 

\Vaf«‘r fi'om streams into whioli rnanufaeturinu*’ vvast(‘s nt(* dis- 
eharited is always <ip<*n to doubt. In fnet, sneh wntm* .should always 
bt‘ iuirefully examined. Water whieh runs from eoal miiKK shoiihi not 
Ih' used, as it nsnally eonlaiim fret* sulplinrie arid ami iron .sulphate, 
and is not tit for eeumud work. Some riv(U’ wnttu's, especially of 
streams itdo wliieh the waste (d‘ehemioal and iron imlus(ri<‘s mnpty, 
will be fmnifl to e<udain injurious pereentaireH of aeids, usually 
Hulphurie, and in some eitses it is sfronixly tdkaline. 

The iiHpefdor slumhl nseertain ami n^port thesf* finds to tlu' 
neer. If there is doubt iH to tin* cfuaiity of water iivailabbs havt* it 
tested ill a prindiea! way by experiu. 

Clean Water. The water used in mixin*; eoneretc* sliould, abovt* 
all tliiiirO'i, be vlmn and t‘spet*ially free from injurious minerals ami 
animal or vt*mdab!e matter. This is generally miudionc'd In tin* speed’ 
lieatitms, but is edden iemiretl liy the eontraedor. In oilier words, 
onl\ fre-di, (diuin water free* from iwbeH and edbio" impnrili<*s sbemhl 
be used. Hirty water will linve* the samf' efIVed as dirty .saml en* elirty 
era\<d, weakeinitij tin* co!i<*ri‘le auel in semie easels redai'dimr (In* H(*lting'. 
The i‘tTeed eif bad wate*r in ecan^ridc^ eemstnndion may lie Hen'ii in a 
number <»f pliiees. 

The preseina* of itmd, oil, strong ehemleals, Hlimcs or other tilth 
or peilliitiini itii|ii‘niiiHsibl<*. Watt*r emdalnini^ sewam* slud^n* in 
\<Ty olijetdieuiiilde. If Hrwaen* shnli^e is presemt, it is apt to coat tin* 
brttke*ii sfitiir e»r ixra\ei and prevent prtiper iidlu'siou l)t‘twt‘en it and 
the cement. 

The iiiH|it‘<*trir Hlioidd, in lindi of speeilled dtreedions, n*porl tln*se 
farts til the eimiiieer. Wafer earryitm iti HUspe'imion eouHieit*rable 
e|uiintilii*i4 of iiiiiieriil eir vej^etnlile matter slnmlel be* uneotnlitionnlly 
re jerle*il. 

Uie of Sit Watir. Sea water is objeedionabh* fen* 
eieie, iio| lireaifHi* of ifn ^idtne*4S, but be‘e*auHe of tin* prew'inn* of 
t»|{ier sitllH iiliirli aid ypon the reineiit duriiiit the* proe‘eHS of hi*! tiler or 
hitreleiiiii'r. This iitdimi of nra water on eenn*nt has ex<»rciseil fin* 
iniiid^ «*f eiediitnu's for many years. TIh* tendency to ilisiul<*t»Ta(e 
llial lirn’i lieeii obwei\t*«| is |iuie!y the result <if <dii*mienl aediem and 
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the iormation of soluble salts, whieh possess an aOhiity for ihr 
abmiinous (‘leinent in the eeitauit, fonnin.ic expan.siv<‘ eotupiunnls of 
alumina. Tins is espeeially likely to ot'eur if tlu‘ etuuent uscul is 
hi]L;’h ill alumina. The most injurious salt in scui water seems to he 
sulphate of mau*nesiinm and thc‘ a<diou that takes pla<*e winm hrou.irht 
in eontaei with tlu^ eemcmt is suppostui to Ih‘ s<uuewhat ns follows: 

Mai^iiesinm sulphat(‘ in stai water reaets witli linu* in eement, 
formin<>’ eaieium (lime) sulphate, prtaapitatin^ maijrnesia; tlie eal 
eium sulphate formed imnualiaiely reeomhines witli the alumina in 
the eernent to form aluminous ealeium-sulphate, wliielt is a i^elatiuous 
eompoimd possessini^ expansive* properties. The* next result is, at 
any rate, the pwlual ^M’ottin.u'^^ of the eement and tin* eventual 
failure of the eonerete. This t<‘ndeney to diHintejrnite may he cheeked 
to some extent by the use of eememts rc»latively low in lime, alumina 
and sulphates, and hy the adoption of a wnterproofinir proeens whirli 
will prevent the clitTnsion throm^h tin* eonerete t>f the aetive eon- 
Htitnents of tin* sea water. An additional cdTeet of sen water on 
eement is to inereasc^ the time retpunal for setting’. 

Hea water should preferably not ht* used for mixing eonerete, 
(‘speeially if it is desired to show no efiloreseenee (see Art. dll. In 
ease it lieeomes necessary to use sea wat(*r, where pure water eanimt 
h(^ obtained, the latter may be used, hut careful tests niUMt he tiiiide 
at all times. Hc‘a water slioiild not he usial witli iiverliine<I eeiiimif. 
Sea water must not he contaminated witli sewage or maiiiifaetiiriiig 
wastes, as is the eorulition in many harbors on our eons!a. 

Kxparim«‘ntH liave bcMm made winch showed c‘orrosion of ^tie! 
reinforcement in eonerete mixed with sea water, 

tJse of Common Sdt in Mixing Water,- Formerly ecmimon salt, i»r 
Hodium chlorides was held to lie injurious tlie strengtli iind per 
maneney of the eement, hut exfierinn*ntH liiive elmnoiiHfriileil that, in 
small p(*reentag<‘H at least, it is Imrmless: indeed, hy some regarded 
as lienefieial, increasing tlie fireproofing of eonerete. Tlie ordiniiry 
oeeaHion for adding salt m for the purpose of lowering the frreziiur 
point, thus permitting w’ork to he aiirried on at ii lower ieiiiperaliire, 
as diseuBHed in Art. .13, page Ifil. 

Temperatnre.-— Tlie temperatiire of the water mm\ in gaitgiiii: 
cixtuis a marked influence on the rate of net, which mmm to vitr\ 
direelly with tlie rise from the freexing heiiig pnietieiill\ 

nothing at .12® F.. normal at about CI5® or 70^ F., anil almost iiistiin 
taneous at tlie boiling fwint. However, in actual coiwlrtiefioii, wtiili* 
at tlie temperatures hetiveen freezing point and F. the net doet^ 
not take hold as soon as if the temperiiture were in the nelKlilioiiiooil 
of 70® F., yet the heat generated intenmlly hy the incipient elieiitieiil 
action soon warruH up the mimii to a degree where noriiiiil riite of set 
ting ensues. Hence, little attention need he given to the te»i|a»riiiiir«* 
of the water unless both It and the atniosfiherie tefii|ieriitiire are 
around freezing point, when it Is tidvisiihle to ItiMif the witter, (Bee 
Aii. 11, page 155.) 

Quantity of Water Ee<itxir 0 d.~ronsiderations liiflneiieing the 
amount of water to he used are discussed in Article Ifi. page Iffi 
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EXAMINATION OF WATER FOB CONOBETE 

As natural waters vary .ain^atly in eonii)osit,ion, and us eertain 
alkali salts allVet eoneixde injuriously, rlieinival and physical tests 
tuade in advanc(‘ is the only proper sate^'iiard. 

The suitability of water for concixde may be determined as follows: 

Physical Appearance.— The water should be clear, tasteless and 
odorless. It shouhl also be perfectly limpid, that is, no stickiness, 
lyilimvHs or |;»ri(tin(‘ss. Try it with soap—it should make a smooth, 
luscious lathin’. If the water ineids these simple reipdrements or 
trials, it is satisfactory; if suspicious, it may be further examined 
as follows: 

Acidity or Alkalinity Testa with Litmus Paper.— Acids or alkalis 
in water may be very easily detected by the use of paper treated 
with litmus, which may be procuri‘d at any chemist^s. litmus is a 
chemical which indicates acidity or alkalinity by a rapid chang’e of 
coliu’, resptmdiui^ even as a l)aromeler do(*s to a clum^e in atmos- 
plierie pri'ssurt' or a thcu'mornetiT to the chanij^es in temperature. 
Both red and l)lue litmus paper should be used. If the blue lUmua 
paper remains blu(‘ ou immcu'Hini^^ in the water, then the property 
is either tieutral or alkaline; if the color cJian| 4 :es (fuickly to a red 
or a brown, then acidic, which will reijuire tlu* W'ater to bo further 
examined for its ciT(*ct upon the setting (jualiticH of the cement. 
Stron^^ acids eat cement, while faint ones, espmially the acid likely 
to he prastmt in ordinary waters (carbonic acid), are practically 
harmless. In fact, carbonic acid is a read hemilt, htipin^ to con¬ 
vert the lime prc'sent in thc^ eeummt into carl)onateH. In every casc^ 
wiierci the blue litmus paper turns red, the etTect of the aeid in the 
water up<»n the Hcttinir ({uaIitic‘H of the eernent slundd invariably be 
ascertained, rsuidly, with fresh blue litmus pap<‘r, if theu'e is a 
diuiKeroua amount of acid present, the chan|i:e of color will be vc‘ry 
rapid; if slow and faint, then it is fairly safe to assume that the 
amtnmt of acid is ne^^ligible, 

iw suppose the water to have been tried with the red Utmm 
paper. If the color chaniieB very ([uiekly to a Idue, then stronii: alkali 
is indicated. If this is the case, the effect upon the scttinii: (|ualitit‘s 
of the cement must airiiin be learncsl. Alkalinity is in i^eneral less 
dan^rerouH than aci«lity. In fact, alkalinity is the natural propiu’ty 
c»f cement itself. Tlierefore, unless tlie indication is veuy markial, 
and is substantiated by oilier tests, especially liy the effect upon 
the «cd, the indication may be disragartled 

In othiu’ words, if tin' restdtin^ indication from the use of litmus 
paper is \’tiiunlly neutral, that is, jf it is faint for both the blue and 
the red litmus, then the water may be assumed fit for mixing conerete. 

Boiling Test for Matter in Solution*—A dtdlnita <|uauiily of water, 
either by weight or by volume, should be boilcKl to a re.siduc*, aud tlie 
percentage by iveight of the solid matter calculal.ed. If in (‘xcess of 
2 or 3 per cent, tlie w’iiti*r sliould be Hubmitted to a competent chemist 
for aimlysw, and the nature of tlie matter in solution learned. In this 
ease, a short elTeet on the setting qualities of tlu^ eernent is not very 
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satisfactory, since ingredients may be present that will only develop 
nnsoundness after considerable time. Less than 2 or 3 per cent of 
solid matter in solution may be disregarded, and if it is silt of fine 
grit, even greater percentages may be safely disregarded. 

Effects upon Cement Pats and Briquettes. —The water may be 
tested by gauging a comparative set of pats and briquettes when 
testing the cement itself (see Art. 5). Any marked difference nega¬ 
tively will indicate unfitness. It must not be supposed that this 
indication is absolute, for the reason ingredients may be present in 
the water that will only develop unsoundness after considerable time, 
as stated above. However, this is the most positive test that can be 
made, and it will usually be safe to accept its fitness as final. 

The water should invariably be tried for its effect upon the setting 
qualities of the cement^ and also by making pats of a known-to-be- 
sound cement and noting its effect upon the soundness, using the 
boiling test to expedite matters if so desired. Any strong quality 
of unfitness will be sure to show in one or the other of these 
determinations. 
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INSPECTION OF PROPOETIONING AND MIXING 
CONCRETE 

Art. 13.—Proportioning Concrete 

It U iH»( , ill r(iiau*ctic)ii with the Holeetlou of 

lu i*xutaitu* thi* aiini*rah»«j;i«‘al iiutare' of the (o 

•iotaiti iiH iinnlness iitul thainily lual fnaaloia fnati louin ami other 
puritioH that wtothl <!i'trac"t frtim itn ((iiality. hti( i^rtaiter aiul 
»r<* cju'erul attealiuu uiust la* i^ivon to the volume and comparative 
utiue. In other Uiinls, witli tin* prcjper material nelected, tlu» ut*xt 
»p is to pnipin'ly pn»|>orfiou them m an to produce^ a eoncrt'te iu 
deli the uairtar will fill all the voiilH, and, when rammed in place, 
M* mortar uill tlunh to fht* Kurfaee, 

Pniportioniiifjr is perliapH the most Important and at the same 
at' the leiHl umlei.sltital ttf tlie proccHHCH hivolved in concrett' matm- 
dure. A ^reat diatl t»f stmly lian heem ^rivtm to the c|ueHtion (»f 
jpinlionin^f the nialeriids of cont'rtde, anti most of the atudy has 
cn dii'etdei! to one eml, tt» tind a mixturt* that wall |,dve llie 
iximuiit dmmify aiid stnuirdh with a mitiimum ammuit of ctuntuit. 
iH well ktmwn that with any ijriven Hand and brokim Htcine or g-ravel, 
til a fixed fjuantity of eement, thc' mixture tliat (he haist 

lunie will funuHli a eemmtt of maximum Htrcm^rth, Such a mix- 
re is till* denseHl olifaineil mider the givcm conditionH, and is 
tiiined when the voluinc' cif eenient, sand and watc'r just tillrt the 
ids in the Htoiie, The diflicndlien In arrivinir at any definite rules 
r ohliiiniii!: this reHiilt iiriMc from the threat variation In the various 
uiieiitH iifTtTtiii|.r the work, no iwo materialH heln*^ exaetly alike, 
tl ruteH deduced from f»ne set of experimentH ladng of very doulitful 
Ine mdieti iififilied to other conditions. 

Importance of Froptr Proportioning t should Im rememljcrcHl 
Ilf the stri»ti!^th of flic eoncrefi' will depend on its density. A mix- 
re of ceiiieiit itiid sfiiid, I to 11, will iiHunlly lie found weaker than a 
to 7 iitixiure, properly proportit»ned, <if cement, sand and irravel or 
oken stone. *\tixtur«»s of cement iuk! sand arci irreatly stnuarthened 
‘ file liililiiioii of a suit able fiinoiint of coarse material, thonyh tin* 
oporlimi of ceiiieiif m thiiH decreimed. In other words, the proper 
oporlhminif of concrete miileriak imuTimes the Htreimth ohtainahh* 
out liny tdvim aiiiiiiint of cement, and also the dmwity or wmter- 
lilt liens. Ilv properly proport tolling concrete, a |^o*eat navinic in 
aterials ciiii he ctTccted. Lean mixtures can he used in ht‘avy 
mslrticfiiiii mdiere the concrete m Htressed <mly in compresHion. 

ISl 
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Also, the richness of the mixture can he varied in different parts of 
the same structure, according to the nature of the stresses, reinforce¬ 
ment, etc. In fact, proper proportioning is very important for 
reinforced concrete so as to give the uniformity and homogeneity 
which cannot be obtained without careful attention to the proportions 
and grading of the aggregates. 

It is, therefore, well worth while to give careful study to the 
concrete materials and their relative proportions which it is proposed 
to use. 

Principles of Proper Proportioning. —The theory of proportioning 
the materials contemplates, fundamentally, the elimination of voids 
by so grading the sizes of material and so regulating the quality of 
each size that each will fill the voids between the particles of the 
next larger size. In a perfect mixture the cement would fill the 
voids in the sand and coat each grain, while the sand with its coatin^^ 
of cement would fill the voids in the aggregate and also cover each 
stone with a film of mortar. Such a concrete will be of maximum 
density for the given amount of cement. The density or water¬ 
tightness of concrete has been found to vary considerably by varying* 
the proportions of the aggregates. Thus it will be seen that two 
well-established laws govern the theory of proper proportioning, 
namely : 

t. With the same percentage of cement in a unit volume of concrete, 
the strongest and most impermeable concrete is that which has the 
greatest density. 

2. If the sand and. stone remain the same, the strongest and most 
impermeable concrete is that containing the greatest percentage of 
cement in a unit volume. 

The first law is extremely important. Another way of expressing 
it is to say that, to obtain the greatest strength and impermeability, 
the cement should fill the voids of the sand and the resulting mortar 
should fill the voids of the stone. The second law means that with 
the same aggregates the strength and water-tightness increases with 
the amount of cement used—provided, however, that in some cases 
this amount be not in excess of the voids in the sand, and that the 
amount of mortar used in each case be the same. If the cement more 
than fills the voids of the sand, or if the mortar more than fills the 
voids of the stone, the concrete will be less dense than if the voids 
were just filled (ordinary concrete has a density between 0.80 and 
0.88 and hence is denser than either neat cement or cement mortar); 
and thus the strength due to increase of cement may be offset by the 
decrease in density. 

Limits of Jtefinement in Proportioning. —^Although a good deal of 
care in proportioning is warranted, to obtain the best mix with any 
given material, too great refinement is unnecessary, and the theo¬ 
retical methods which have been gone into with such great detail in 
many of the books on concrete work have more of an academic 
interest than a practical value. In other words, it does not do to go 
to too much expense in grading the concrete materials, but some 
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expuiiso siumld be .uoiie to in ihLs regard, for Uie (piality of the 
eouerele obtaiiUHl will pay ft»r tlie extra work. 

In pracdiee it is iuipossibie to till all tlu. voids in eonerete. In 
th(‘ tirst place, the cenieni and sand cannot be perfectly distributed, 
and, in the second place, the wat(‘r used in the tnixinii^ causes the sand 
to swell, thus increasinjj;' the voids about 10 per cent. This s\vtdlin|jj 
is due to a film of water l)etween the ^’rains, and this tilni cannot be 
entirely displaced by tht‘ ccuiuait. When the wa^er evaporates after 
the concrete has set, voids always remain througliout tiie mass, and 
some shriukai^e of tin* mass oeeurs. 

0BKEEAL EEQtJIEEMENTS 

In the proportioning of eonerete the object to be aimed at sliould 
be to HO proportion the tim* and eoarse materials that a amount 

of eenumt will be as (dfective as ptmsibie in tilling tlie remnininijc voids 
and binding to^etlmr the particles cd’ the agKi'opile. Tliis reipiires (hat 
the proportion of voids be nnluced tc» a minimum, avoidinir, howawer, 
the UH(' (»f much vt*ry title material. Havinir a minimum proportion of 
voids, an amount of cemcmt should then be used which will give tlie 
recpiisite strength or <it‘erre of vvaterdightness. (See Art. 47.) All 
voids in tlie iiKgregate sliould he lilbaL 

trading of Afgrigate3.“-Tlu^ sand Bhould Im well graded from 
coarse to fine, the ctmrsti pari ides pnalominatiug, so that vvlum mixed 
with the cement recpiired will pro(iuce a dense luul compact mortar 
(see Art. H). Tlie eoarse piulieles Hhould not exeeecl in. in 
diameter. The advantage of grading is to minimi/.e (be voids and 
reduce tlie actual Kurface area of the iiggrt^gate to which the cement 
must adiiere. This advantage applies with ecpinl emphasis to the 
liirgtu' aggregate, nncli its broken stone or gravid. In other words, tiui 
aggregate slioiilfl lie well gratletl and sfumhl not contain an excesH of 
one siy.e particleH and a Hmall amoimt of fine partieles. 

Eelatioa of Fin® and Ooars® Aggregatos.-^AH stated above, the 
tine and coarse iiggregiites should he used in such relative proporiioiiH 
m will insure maximum dmisity. In unimportant work it in sufllcient 
to do this by indiviiiuiil judgment, nsing correspomlingly liigher pro¬ 
portions of cement (see pageKiH). In otlier words, it is sulllcienily 
accurate to select the proportion of cmntmt to wind whicli will give 
the required strength to the concrete, and then use twic«» m mucli 
gravid or broken stone as samh For important wairk proportimm 
should hti carefully ileterminetl by density experiments iw deserihiHl 
below, am! tlm sizing of the fine ami coarse aggregates shoidd Im 
uniformly miiiiilitined, or the proportionw changeil to meet the varying 
mmn. It pays from iiii economic standpoint to make very thorough 
studies of the mitleriiils of the aggregate and their relative propor¬ 
tions, eH|M*eiiilly fi»r importimt structureH. 

If the gravel is uned without screening, it «hould bo laxarnined from 
time to time, am! in ciiHe its cfunpositkm m not sueh uh to give the 
renuired priqKirtioiw, sand or broken sbrne sliould he addial as may 
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be necessary. Sometimes concrete is made of cement, sand, gravel 
and broken stone, the gravel being intermediate in size between the 
sand and the broken stone. Good dense concrete may be made of 
this combination if suitable proportions are determined. 

The coarser the stone, the coarser the sand should be, or, for 
dense work, the sand can be graded from fine to coarse. When the 
aggregate used is of a small size, the sand should be fine to make 
dense work. 

Relation of Cement and Aggregates. —The factor that determines 
the actual strength of concrete is most correctly the strength of the 
mortar or binding matrix, and, accordingly, the greatest care must 
be taken in the selection of the sand or finer aggregate, to contribute 
the maximum strength. The proportions of cement to sand and stone 
should be chosen after a very careful study of the local conditions 
and the available materials. For reinforced concrete construction a 
density proportion based on 1:6 should generally be used, i. e., 1 part 
of cement to a total of 6 parts of fine and coarse aggregates 
measured separately. 

Concrete is sometimes made of sand and cement only, there being 
a large quantity of sand in proportion to the cement, say, 1 of cement 
to 7 or 8 of sand. This does not make good concrete. The voids in 
the sand cannot be filled by so small a proportion of cement. 

Since cement is generally the most expensive ingredient, the reduc¬ 
tion of its quantity, which may very frequently be made by adjusting 
the proportions of the aggregate so as to use less cement and yet 
produce a concrete with the same density, strength and impermeability, 
is of the utmost importance. 

Determination of the Proportion of Cement. —The proportion of 
cement to be used depends upon the per cent of voids in the mixture 
of sand and gravel or broken stone. It also depends upon the pur¬ 
pose for which the concrete is required, the required water-tightness 
(see page 422), the character of the aggregates, and many other 
matters which must be considered in direct connection with the 
work to be done and the available materials. In general, it may be 
said that an amount of cement sufficient to fill the voids in the mixture 
will give a first-class concrete. A rich mixture is obtained when the 
cement is somewhat in excess of the quantity that would theoretically 
be sufficient to fill the voids in the sand. Often an amount of cement 
less than sufficient to fill the voids will produce a concrete of ample 
strength and satisfactory for the purpose, although somewhat porous. 
Greater compressive strength, however, may be obtained by increasing 
the proportion of cement. 

Interpretation of Concrete Proportions. —^When a specification 
requires, for instance, a 1:2:4 concrete, it should be understood that 
the strength of the binding matrix is to be equivalent to the strength 
of a 1:2 mortar, with a finer aggregate of a granulometric compo¬ 
sition most perfectly adapted, consistent with practical conditions, to 
give the greatest strength. A very frequent mistake is made in the 
interpretation of a 1:2:4 concrete as equivalent to 1 part of cement 
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and () parts of inert ui^groKate entirely diBre|^ardin|>: the volumetric 
composition. A typical instance rimy occur in the substitution of a 
natural mixed travel on work retiuiring a 1:2:4 mixture'. Freepiently 
the contractor assumes the lil)erty of usini;^ six parts of ^ravt'h i^noriufi; 
the interpretation of a 1:2:4 specitication as reeiuiriufc the stren^-th of 
a 1:2 mortar, and that ctu’rectly i^ravel should only be used in pro¬ 
portion so as to provide' two parts of tlie tiru'r a^^repite. One local 
contractor, who was buildin^^ a small hrid|»'e, insistecl that a i)ropor» 
tion of 1 of ct'rnent to ti of ji^ravel meant one sack of cement to six 
whecdbarnnvs of gravel. 

Some titne a^ro tlie author had occasion to examine some concrete 
ft)un<iation walls on a job wliere the concrete had proven unsatis¬ 
factory. The specifications called for a 1:3:() mixture of cement, 
sand a!id irravel, re*Mp<‘ctivc4y. The' sand was a first-class one and the 
cemcmt had passi'd all the recpiiremc'tds (sec^ Art. 4), but the ij^ravel 
itself contained ahmjst c'non.uh sand to be used with llu' cc'ment nh)ne. 
There was an iiHpeetor on this job, but he was p(‘rmittiniLj: concrete 
to be mixed in the proportions named ab(»vc'. What tiny were really 
gcttinic more like a 1 :Ci:3 mixture. It is not dillleult to see that 
tin* cement ecndd md possildy liave filletl the voids in the sand. As a 
matter of fact, the resulting concrete was very defich*nt in strength 
and was eondemmnl. 

Proportioning Fit-Run Gravel Concrete.— In proportioning pit-rtm 
gravel cmierete, frecfuent tests shoidd bo made* to d(*termino the pro¬ 
portion of sand to ntone. To sc'cnre tlie neeessary Htrc*ng(li, the 
cement shotild la* pniportloned according to the amount of sand con¬ 
tained in the gra\el, sainl being defined as that pari of the pil«rnn 
gravtl (a natural mixture (d^ sand and stone) which will pass through 
a t^dn. Hcrecm, The relative proportion of saml and sttme hi the 
gravel should !«* sueh that the volume of sand will md fall hehiw, say, 
six-tentlw of the volume cd* stone. Tliis is the proportion adopt<‘d by 
the lllinow Iligliway (’ommisHtmi.* Any gravel, tlu*refor(*, having a 
sanddo'sttme ratio greater than O.d may be used witlioui modifleation, 
but f<»r griiud so uhihI the eemcmtdo-sand ratio Hliould be constant for 
a given class of conende. For example, tlirec^ claHses of concrete-"-- 
known as Class A, Class B, and Class C»—will be considered for 
illuHt riitive piirfawes, 

dims A coiicreti* to consist of 1 part cement, 2 parts sand and 3^4 
parts broken stone fgrinled from % 1 it'* b' Class B 

Concrete to conniHf of I part cement, 2'/^ parts sand and 4 parts 
broken stone Igrioletl fn»m % in. to 1 in. in size). C’btHs C’ concrete 
to coihIhI td' 1 part ceiia'iit, 3 parts sand and 5 parts broken stone 
(gnoha! from *ki in. to 2*k in, in si^.e). CIravel may be uHc*d in plaee 
of broken stimc and mini for ctmerete, and when so used should 
eonfi»riti t«» the fcdlowing requirements; 

For dims A itinl dims H gravel concrete all material wliicit 
piiHMcs II ' |4n, screen slnudd lie cotislilered sand, and all material 
witicli is rctiiiiied uti a ' |»in. screen and passes a 1-in. screen sliouh! 

l/rr#e#l» Vitl. <iri. ri2» 3, 1012. 
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be considered stone. For Class C gravel concrete all material whicli 
passes a Yi-m. screen should be considered sand, and all material 
which is retained on a screen should be considered stone. 

For any of the above named classes of concrete, should the volume 
of sand so found be less than 60 per cent of the volume of stone, 
sufficient sand should be added to bring up the proportion of sand to 
stone to 60 per cent. Should the volume of sand be more than 60 
per cent of the volume of stone, sufficient stone should be added to 
reduce the proportion of sand to stone to 60 per cent, or sufficient 
cement should be added so that the volume of cement to sand will be 
for Class A concrete as 1 to 2, for Class B concrete as 1 to 2^^, and 
for Class C concrete as 1 to 3. In any case, the proportion of cement 
to sand should be as stated for the various classes of concrete. 

Experimenting with Different Proportions. —On any concrete con¬ 
struction work where sand and broken stone or gravel is stored and 
used, there is a certain proportion of one to the other in combination 
with a unit of cement that gives the strongest concrete using these 
materials. This combination, when made, will also be the densest and 
heaviest concrete attainable with these materials. It will generally be 
necessary to experiment with different proportions of varying sizes 
of sand and broken stone or gravel in order to ascertain the best 
mixture of the available materials at hand to secure the desired ends. 
That is to say, the desired combination to obtain this mixture must 
be made by trial, and, when found, these proportions should be 
specified and used. In other words, the proper proportioning of 
aggregates should be the occasion for careful experiment, and if the 
common materials at hand fail, as they will often do, to yicdd the 
required density, the deficiency must be supplied by importation of 
suitable amounts of the size or sizes lacking. 

Accurate Proportioning. —The inspector should make certain that 
the specified proportions are accurately and uniformly adhered to. 
Any variation from these proportions must be with the written 
consent of the engineer. The inspector should constantly bear in 
mind that while splitting hairs is not warranted by the exactness of 
the process of concrete making as it is conducted in practical con¬ 
struction work, slipshod and careless methods or practices in propor¬ 
tioning the ingredients of concrete should not be tolerated. (See 
pages 150, 158 and 379.) 

Dispute Regarding Quantities of Aggregates. —Should there be 
any dispute in regard to the quantities of aggregate to be used for 
each bag or barrel of cement, it should be decided by a test. However, 
do not split hairs on the mathematical proportions of the several 
materials which make up the concrete. This frequently causes a lot 
of squabbling with the contractor without any good resulting from it. 

Changing Proportions of Concrete. —After the proportions have 
been established from time to time, they should not be changed 
during any period of twenty-four hours, unless the contractor desires 
to use materials of widely varying characteristics, and the proportions 
determined at any one time should continue to be used until the next 
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ilrU^vmhniium is^ nunh and the eoiitractor ordered to <diaii|;’e the 
previous proportious. 

Methods of Proportioning.^ -It is rt‘eognized g'entu-ally that tor 
luaxiutuiu strtMi^tli a eonerete shuuhl be as dense as possible^ as men- 
(ioiual aiuive that is, liiut it siu>uid liave the smallest pruetieabie 
pereeidayi' td‘ voitLs. I'liere are tour nudJauls in mort' or l(‘ss g(‘iu‘ral 
us(‘ in proptnlioniny eonei’etcs all niniimj: toward this r(‘HuU, whieli may 
b(* brielly flesiirnaled as follows: (1) By arbil rary nsHi^»nm<Mit ; (2) by 
void del ermiuat ieii; (3) by trial; and (d) by mcadianieal analysis of 
sitne analysis eurves. 'rhese methods will be eonsidertal H(‘pura(ely in 
t be abov e order. 

PEOPOETIONIHa BY AEBIXEAEY ASSIOKMENT 

fb^opoii itinirn*- is eoiamonly done by rule of tliuinb, asHuniin^ the 
r<*lati<»nH of eement, hand ami br(»ken Hlon<^ or f»’ravel as a niattcu* of 
jud‘ 4 men!. itsini^ eertnln Ktiindard proportiotis, without niueh, if 
any, eiUHtderalmu of the ehanudtu* of the a^^i»re|^att‘. This is the 
least seitmtilie uudbod of proportitmitiic etmerete, beinv: freciiumtly 
emfiloyc*«l, reiranlbw ui' wlndlier tin* broken stom* to 1)0 used is 
eruslier'-nui, hiivini? sizes varying from to 21/2 inehesj ami liaving 
2b per eeiit \«itds, or whet her it is sert*ened to pracdieally one size 
atui has f»ll per canit <»f voids, In other wortls, tlu‘ praetiee has been 
in mix eonerete by takin^r I pnrt eement with etudain parts of sand 
and brokiui slom* or i^Tavi*!, I lie pr«»portionH bein^ asHiij^ned witlmut 
any relVri'iiee to the fineness or eoarsenens of the sand and the stoiub 
or to fill* ’cmdiitioii of tint sizes cd’ eneh. Often eoner<d.e proportioned 
by this picieess ran be ifreafly irnprovcal by Hidwtitutimx eoarm* a«r^re« 
uate for a portion t»f the sand, ete. This praetiee is i^radually ehan^in^, 
however, in \ifw of the fiiet that the best eonerete in that in which 
tlie ie 4 '^»rei*iite i« nniforiiily i^riided from eoarso to One. 

I'lilesH the eliiiriieter of the materinlft to he usetl is known, and 
unless lilt* of the eonerete made with certain proportioim 

of the iiHtrediciilfi lire known, proport ion ini;’ hy arbitrary seleetion of 
volume slioidd not be eifiployed. Better residts with ifnaiter eeouomy 
eati i»flcui be Meciireii by the use of more necurate melho<lH of pro- 
port loiiiiiic by tile deteriiiiiiiition of voids (nee papi 130), by trial 
(see pane l*lo|, or by ii nieeliiitdeiif luiiilysw (see page 147). 

Arhitmry Selection of Yoltmti Easily Misleading.— Wliilo tlie 
eoiiitiiPii ciHloiti of upeeifyiiig arl)itriirily the prijportionw of cement, 
Slim! and lirok«m ^toiie tir gravel in parts hy volume may he eon- 
veiiietil in eoiwlitie!ion, fills praetiee ciiuses wide diHerepaneb»H in 
rcHidt^ becfitise of different methods of mefisiiring or proportioning 
the iiiitfcriiils. A t:2;3 mixtuiT of one eoniraelor may he Identienl 
ttifli the 1 :3:ri mhturt* of iiiioflier, owtnir to dilTereuees In the* sizes 
of wiiiif iiini stiUie. Ill oilier wonts, ii eonerete eulled ii I ;2:3 mixture 
by one iiinii tiiiiy Hot coiifiiin any more eement than a eonerete 
teiffieii » 1 : 3:3 luktiire by iiiiother. Again, if a ntrong eonerete 
Ih ile^^dretl, II proportion of 1:2:4 may be luloptml without any 
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consideration whether some other proportion of the same ingre¬ 
dients might not give a cheaper and also a stronger concrete. 
In view of this, it is preferable to abandon specifying mixtures as 
1:2:3, 1:2:4, 1:2:5, but as 1:5, 1:6, 1:8, respectively, in which case the 
5, the 6 or the 8 parts of aggregate are mixed up, reducing the voids 
to whatever figure is necessary for maximum density or strength, 
and then the cement added. Both methods of proportioning will be 
considered, since both methods are in use at the present time. 

However, if the units of measurements and the methods of measur¬ 
ing are stated definitely (see Art. 14), proportioning by arbitrary 
selection of volumes may give good results in practice, althougli 
necessitating a much larger quantity of cement than more scientific 
proportioning would require. 

Proportioning of Sand to Broken Stone or Gravel. —On work 
which will not warrant special tests and for which there is no choice 
of aggregates, the proportion of sand to broken stone or gravel may 
be taken as 1:2, which will be suitable under many conditions, de¬ 
pending, however, upon the character of material used. The relative 
proportions of the sand to the broken stone or gravel should vary as 
the work progresses and not be held exactly to a 1:2 ratio, governinir 
the proportions by the way the concrete works into place. Harsh 
working of the concrete will be indicated by too much sand, while 
if there is too little sand, stone pockets are likely to occur on the 
surface of the concrete, making it difficult to fill the voids of the 
stone. Experience in the handling of concrete enables one to judge 
readily whether the mortar is deficient or not. An excess of mortar 
is preferable to a deficiency, as a concrete deficient in mortar is 
difficult to place and is especially to be avoided in reinforced work or 
work designed to be impervious. 

The use of twice as much broken stone or gravel as sand, men¬ 
tioned above, is based on the voids in the coarse aggregate, being 
from 40 per cent to 60 per cent of its bulk, with an average (which 
is suitable under many conditions) of 50 per cent. Concrete composed 
of one part of mortar to two of broken stone or gravel would there¬ 
fore be about right. The volume will be practically equal to that 
of the coarse aggregate. This allows only sufficient fine material to 
grade down and fill the voids of the coarser grains. In cases where 
the coarse material contains a good many small particles, as does 
crusher run, broken stone or graded gravel, or the sand is so fine as to 
flow readily into the voids of the stone, the proportion of sand should 
be slightly less than half the volume of stone, since the cement in¬ 
creases the bulk of mortar and hence assists to fill the voids in the 
stone. In such cases the volume of the stone may be made equal to 
the cement plus twice the volume of sand. This would give a pro¬ 
portion of 1:2:5 as against 1:2:4 where screened broken stone or 
gravel is used. 

As the voids in ordinary crusher-run broken stone, from which 
the fine material has been screened out, will range generally between 
45 and 55 per cent, a proportion of one volume of sand to two volumes 
of broken stone will generally give but little surplus of sand unless 
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the mortar is rich. For ordinary sand, the pi’oporiions of 

mortar to hrokcm sttrnt', wlum various mortjirs aro used and the 
sand is (‘({ual to oiu* iialf of tlu‘ stoiu*, arc* about as lollows:* 

IMortar . ....1:1 I :1 1 :2 1 1 ::i 1 1 :4 

Slone... a 4 e <5 7 H 

Tor eeut oT morini* to slum*.. 72 ill r>.*» r»2 oO 40 48 

For all proportions of 1:2, or poorc'r, tin* rcdativc^ amount of 
mortar is cdosely (‘({unl to nO pc*r etmt of the* l)roken stone* or gTavt*!. 
For riidu*!’ mortar tlu* ratio of sand to stone* may be* redueed some*- 
what be*lovv on<*-half. For a 1 : 1^2 mortar, for instance*, tlm broken 
stone or yrave*! may be* at least parts. 

PEOPOETIONING BY VOID DETEEMINATION 

A theoreti<‘ally (‘orret*t (*tm(*rete should e*onsLst e»f sand and gravel 
t>r broken siont*, ov n combination of tbt*m, containing;* any amount of 
cement eepuil to the voids in sucli combination. To state this in 
another way, if tlie <‘oncrt*te is made up of sand and br(d\e*n stone* or 
graved, such proportion e>f ce»mc*nt sliould be usc'.d with the* sand as is 
e*epial to the* voids in tin* sand, and such epiantily of this re*sulting 
mortar of sand and ct‘mt‘Ut siiouhl be* UHt‘d with the bre>ke*n stone* or 
grave'l as will fill the* vcfuls in tiie broke*n stone or gi'ave*!. He‘stating 
this in a few words, the* c‘i*ment Hhould till the* voids in the* sand, and 
till* resulting mortar Hhenild till the* voids in the* aggre'gate*. Tb(*refore, 
to ele»{erntine the* best pre»po.*tions for any sand and a! 4 :‘ 4 're*gate, tlnd 
the* per cent of vedtls in tlie sand and in the* stone, and use* enough 
e*e*ment paste to till the vtfuls in the sand, anti enough mortar to fill 
the vends in the.^ e'oarse* aggregate. 

Ilowi'Ve*!’, in iming this me»thod it should ned be* ove*rlook(*d that 
the* use* of e»e*rne*nt paste* ecpial to the* voiels iii the sand do(*H tied 
insure that the voiels cif the* Knud are* tilh‘el, anel that the use of mortar 
e*(jual tt» the vedels in the broken Ktoni! or gravel d(H»s ned insure 
that the voids td’ tlie brcdie*n stone e»r gravel art* tillt*tL The ct‘ment 
pai^te* Kurnninds the* Hand grains and virtually increns(*H the* size* of 
all the grains, anil tbe*reby increaHe*s the* voids, since tlH*re are then 
no small grniiH to oce*npy the inti*rHtiees be*(we*e*n the* larger (me*H; 
ami, further, the water in the* paste*, hy its supt‘rticinl te*nHion, kt‘epH 
tlie saml grains apart and tluw increaHi'H the* pe*r eent ed‘ vends, A 
similar etTeet oeents w!i<*n mortar is mixed with the hrok(‘n stone cer 
gravel. 

The metliod ed’ proptniioning a ctmcrt*te with rt*fert*nee i(» the 
voids Is olyeedtciiiiilile, siiiee the per ce*nt ed’ vends in the* sand may be* 
greatly iifTeide*d by ii .Htiiall per emit of moisture*, ami alsee owitiir to 
possilile errcn*« in de*te*rmiiiing the voids l)y a dire‘ct mt*aHun»me*nt by 
till* iisi* of water. IIowe*\er, firm me»tbod is mem* Heie*ntitic than 
by ftrlntrary select ion of the proport iems mcntionc»d aliove, anel is 
more simple Inti less Kcienlifle than eitlier hy pre*porttoning hy trial 
m meidiotieel oii page l-lo, or ity mixing the* aggregate and e<*ment 
aci'ording to ii gi\eii iiiecliitiiica! nnalysiH curve m mentioned on 
page M7. 

*Aiiii’iirim flvll ICagltici’fi’ ntmk, |i«mc I»!H, tHlIlleui of lUll, 
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Determination of Voids in AggWateB.- proptH tioii of voids 
may bo approximately (U'haaniried in eitliei* sand, brok<‘n stiaie or 
gravel in the following ways: 

Fill a vessel of known eapaeity with the material and then pour 
in all the Avatcu* the vesstd will eontain. Mtaisure tin* vtdunu» (d* water 
n‘{juired and divide this by tdu‘ vcdume of the vt'sstd. I'tiO (juotient 
rc'prescmts the proportion ot‘ voids or expreHst*s the ptucamtage of 
voids. In otluu* words, the voluttu' of voids is determined b;^ tilling a 
v(‘ssel, whose eubie contents are ktiown, with aggregate, them inhling 
water until the surfaeo of tlie water coincides witli that of the 
aggregate. The volume of the wattu* p«mretl into the vessel is tlie 
vohune of the voids in the material. Home expeuimenters start with 
the aggregate thoroughly W(‘t, others with it dry. It seertw to tlie 
author that tlie aggregate should lie thoroughly wed liefore measure¬ 
ment, in order that its condition shall be repri'sentativ«* ed’ that found 
in actual concrete mixing. The wet aggn^gate gives tlie more a«»cm- 
rate result; but there* is m* harm in using the dry method, wideh 
gives a little greater ^^faetor <d' HafVty.’* In other words, tlie <!ry 
method allows a little larger factor cd’ safety. 

The following is a rnodifleation cd’ tlie above uic*t!uHl for deter¬ 
mining voids in aggrf‘gatt*s: Fill a vessel with the iiggregati' and let 
net weight e{|ual B. Atld water sbiwly until it just appi'iirs on tin* 
surface, and weigh. Let nc‘t w<»ight eejuiil A. Fill tlw same ves^^ol 
with water and let net weiglit eijual F. Tlie |»ercetitiige of \tiid will 
then e(iual 100 (A — B)-•-» C\ A vessid of not lens thnn \U cii. ft. 
capacity should be UHt*d. The larger tlie vessel, the more acenrati* tlie 
result. 

A good method of determirdng tlie v<iids in ecnjcreti* materiitls U 
to fill a box of exactly I cm ft. eapaeity, or a cuiHeiiiimt fraclinn 
thereof, with the sulislance, and weigli the emiteiits. A solid block 
of (juartz or limestone, measuring exactly I eti. ft., would widgli Iflfi 
lbs,; a cubic foot (d^ sand, lindien steme or gravel, eoiisitlm'iilily less 
than the latter amount; and the dlfferimee will represeiit the voids. 
In other words, the percentage of vcdids in the different iiggregates 
may be determined liy dividing the weight per ciihie fool In the 
weight of a cubic foot of the solid mat«*rlah siibfraetlnif the i|iiotlent 
from 1, and multiplying by 100. For example: ff ii eubie fnol f»f 
dry gravel is found to weigh 00 lbs. (when Mettlml by tumping «ir 
rapping tlie sides of the box), tlien the pereeiitiigi* of voiils e«|iiiils 

00 

) too (I 1 ( 1(1 42 liin* cent. 

l(Kb 

Tf the gravel weighs 100 Hw. per euliic fwft, the perecnfiige of voidi 

will be 30. 

Band and gravel contain from 30 fdl per cent of votik, wiiile the 
voids in broken stone rangit from 40 to fifi per cent. 

Proportioning by Void Oaknlttions.- .Mixed tnuteriiik, wbieli nm- 

tain the greatest variety fif sizes from fine to very eoiiwe, ivill be 
found to have the least voids. Willi iiny two titaferiiiln, one fliie unit 
one coarse, there is one mixture, iitid only one, wltieli ivill i/ivi* tlift 
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possible density. This may Ih‘ lieiennined by eaieulution; 
For (‘xamph% taking the .uraved ab(»\e, sinei* it eotiinins dli per 

cent voids, these* must be filled by adding* sand to tin* amount of 
42 pea* eemi oF its volume. For thi.^, 42 imaisuia's oF sand to Idb 
measiin‘s oF ai’avt*! will l)e reepiired, or 1 to 2 2. For the broken 
stom% 40 to do measures to 100 will be rt‘(juinHl; or For brokem f*om^ 
eout.ainln‘ 4 ' aO pea* (*cait voids, I t(» 2 tmaisures will 1 k‘ najuired that 
is, one' oF saiul to twt^ oF brt»ktai steaua With mixe'd materials, sueh 
as are p»ne‘rally me*! witli in prae4iee, in whieh ne> sharp divisiem 
iH'tween satul and ‘graved ean i)t' made, praetieal it'si will be^ Found 
me)rt' satisFnedeuy than eiibadafion as eh'seribcal bedejw. The sand ami 
l^raved e>r bndieai stone' she»uld be tnixoil In the ealeulated proportion, 
anel alsei in othe*r prt>ptu1ions, and the' wed|»ht pea* eubie Fe»ot ed' eaieh 
mixture takeai unlil that i;ivinix a’»**uit<’Hl density is Found. With 
Faveerable nudeiials if will be* Fouml possible te> make a mixture we'i^ln 
In^ MO lbs. pea* eubie Foot, eorre*Hpondin|.,^ to 15 pea* eemt ve»idH. IF 
the gnaitest wehdit o!)tainalde is less tliau lids, I lie materialH aro 
not tlie best. 

Proportioning with Eoforence to the Coarse and Pine Aggregates.— 
Femerete may la* propetrtiom*el by the* dt»tt*rminatieai e>F voiels in tlui 
bredaai stone or ^rravel am! in tlu' sand, and preiportioninir oF matc*rialM 
se» that tin* volume of saiul is ecfuivalenl to the* vtdume* of ve^ieln in the^ 
bniken Ktenue or grave! ami the volume oF t*eme*nt slightly in exeess oF 
the vetids in tin* saml. 

Tins niiiy la* deuit* !iy making a b<»x iwti Fe(*t wide, five feet long 
and <me fo«it deep, of tvvoduieh toiiguedaiiul-grtaived plank, vvliite* 
ieiuled or prtsper^y caudkrd in tin* seams so it will not h*ak (wa* page 
2tU). Fill this box lend with tin* largest aggregate {broken shau* or 
|»ravelK Then pour into it nlinvly and eareFnlly vvatin* From eans of 
dt'fiiiife size. When the box is Fail tlu* lummnt of \vat<*r in eubie feet 
represents the per rent of voitls in the brokf*n nttme ttr gravel, ht'eauHo 
tlie box eoiitaiiiH exiiefly ten flOl eii. ft. Kmpty the box ami .Hpiead 
the stone <iii a plattorni. iMeasure out Huml timt will represent the 
voids foiititl ill fill* broken sfone or gravel and mix the sand and 
stone together, I lien fill tlie box with the mixture. After this is 
levtdeil off, pour in \Vittt*r, enrefuily meamiring it as it goes in, am! 
till* niiioiiiit of wider will repreHeiit tlie voitls in both the sand anti 
eoarse iiggri'giift*. If flii.s doi‘s not exeeed lb pi*r lamf, it will I’l'present 
the lutioititl of eeiiieiil ria|iiired, but if it exeeetls Ib pt*r e<*nt, then some 
fine Hiitifl or sereeiiings wlioiiltl be uwhI to fill part tif tlu^ voids, 
lleiislty if4 wiiiifeil, liiid tlie most <|erme eonerete in obtiuned wlien the 
maleriiils are gmded in si/.e as mentioned filaive. 

Tile I'fillowing is a moilifiealion of the almve method ami may be 
used by those who di» iiol t*iire to etmstrnet the reetangiilar box of 
ioiigiii»iFiiiiil«groovi*i! Hiiitl iw deseribitd. Take a water-tight Imrrt*! ami 
bore II liole ill tile lioltoiin III lliis fit ii long wooden plug or stopper. 
Fill tlie biirrid witli tlie brokeii stone or gravid, and tlien pour in 
wiiter iiiitil it overflows; draw tint witter ofT in bnekidn fiml rtieiwure 
eiireftilly. Tin* qiinfiliiy of water represents the voids betwc'en the 
eoarwe iiggregate to Im fllkd with inortnr, Kow empty out the broken 
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stone or gravel from the barrel; pour back the water and mark the 
level on the side; then draw the water of; fill with sand to the mark, 
and this will determine the amount of sand to be used. Lastly, pour 
in enough water to come up to the level of the sand, and the amount 
used indicates how much cement is needed to fill the voids in the 
sand. To th^ above proportion of sand and cement add respectively 
ten (10) per cent, and the correct amount of cement, sand and broken 
stone or gravel will have been found. Sometimes, in addition to 
adding 10 per cent more cement than the voids in the sand, 10 per 
cent more sand than the voids in the broken stone or gravel is added 
to provide for inaccuracies in measuring the voids. 

Proportioning with Eeference to the Coarse Aggregate. —Concrete 
may be proportioned by the determination of the voids in the broken 
stone or gravel, and, after selecting the proportions of cement to sand, 
by test or by judgment, proportioning the mortar to the broken stone 
or gravel, so that the volume of mortar will be slightly in excess of 
the voids in the stone. In other words, by this method the voids 
in the coarse aggregate are determined and an amount of mortar then 
used, of the desired strength, sufficient to fill the voids. To insure this 
requires some excess of mortar, but this excess should be as small as 
practicable, since it increases the cost without increasing the strength. 

In this method of proportioning, the ratio of cement to sand is 
first decided on; as, for example, a 1:3 mixture (1 part of cement to 3 
of sand). A certain volume of broken stone or gravel similar to that 
which it is proposed to use in the concrete is put in any vessel, as a 
barrel of known capacity. Water is then poured on until the vessel 
holds no more, and this water, which has filled all the voids in the 
broken stone or gravel, is then run off and measured. The ratio of 
the volume of water to the entire volume of the vessel gives the pro¬ 
portion of the voids. Now, the mixture of the sand and cement, 
which is assumed to have the same volume as the sand alone, must 
fill the voids in the broken stone or gravel. Suppose, for example, 
that 40 per cent of voids are found for the coarse aggregate; it is 
usually customary to add 10 per cent for inaccuracy, so that, in this 
ease, the voids are 50 per cent of the whole volume. Therefore, 50 
per cent of sand must be added to fill the voids, and, consequently, 
the ratio of the volume of sand to that of the broken stone or gravel 
is 1:2 or 3:6. Therefore, the proper proportion of the materials for 
the concrete under consideration would be 1:3:6 (1 part cement, 3 
parts sand, 6 parts coarse aggregate). This method of proportioning 
concrete is not very accurate and is complicated. The author would 
recommend that it be not used at all, but, if it is used, that it be left 
to a concrete specialist. 

Proportioning with Eeference to G-raded Mixed Aggregate.— 

Concrete may be proportioned by mixing the sand and broken stone 
or gravel and providing such a proportion of cement that the paste 
will slightly more than fill the voids in the mixed aggregate. This is 
a more exact method than the one just mentioned above. The aggre¬ 
gates are first graded, both coarse and fine, so as to reduce the voids 
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in the mixture to a minimum. The proportion of agi^regates having 
been deierminetl, tlie amount of eemeut recpiircd will then depend 
ui)on tlie strength needed or the degree of imperviousuess. An amount 
necessary to lill the voids ean he estimated by determining the per 
e(‘ut of \’oids in the mixturt' (d‘ aggregates, well eompaeted or setthul 
by shaking. If a eonerete of maximum density be desired (see page 
421), tlum an amount of eenuait should la* used slightly in excess of 
that necessary to till the voids. For this calculation the cement paste 
may be assumed ecpial to the volume of cement used, on the basis of 
3.8 cu. ft. per barrel. 

Proportioning with Eaferonc© to Trial Mixed Aggregate. -Fon- 
crete may be pmportioned by itiaking trial mixturt*s t)f materials in 
dilTerent proportions to determine the mixture giving the smalb^st 
percentage of voids and tln^n ad<ling an arbitrary percentage of 
cement, in‘ else <me based on tiie voids in the mixe<l aggregate. This 
method of finding the proper mixture of sand and broken stone or 
gravel is based on the faet tliat, other things being ecpial, the denser 
the mixture, the strongt^r will be tlie conci'etc*. The optumtion is that 
of limling the mixtiUH* tliat has the maximum weight for a given 
volunu*. An (»rdinary galvanized iron pail and spring balances may 
be used for the purpose. Tin* hacked, is tilled half full of waiter, ami 
a batch of tlie sand ami broken stone or gravel as a trial proportion 
is tlioroughly mixed and slowly dropped from a shovel. The surplus 
water is allowusl to fitiw over. Without tamping, the bucket is tllleil 
levid tulL The mixture tlnit weighs the most will give the densest 
ami str<Higc‘s( coucrett*, and, on account of having tlm least per¬ 
centage of voids, it will require the least amount of cement. 

Gravel Containing Band. —When grav<*I containing considerable 
<iuiintities of sand is used, several trials should be niacle to determine 
the proportion of Hind it eonliiins that will pass through a No. 4 
screen (four nu'shes to the* inch), and a corr(‘Hponding deduction 
should he mad«* from (he simd used in making the mortar, so that 
the linai proportionn of the cement and sand in tin* complete mixture 
shall fie as specillctf for morfiir. Only the gravel remaining after 
hcrt*ening out the sand hIiouIi! be (rtaited as aggregate during the 
experimenting for vtiids referreil to on tlie stweral Hucct*eding pages 
for the four dillVreiit metliodH of pjoporti<ming by voitl determina¬ 
tions. The author is in favor of separating the graved intti as many 
parts iw In eorwisleni witli economy for the work in hand. Kven on 
irnall work be belicveH it preferable to screen tlie gravel and 
remix it in the speeifiet! proportions. 

Aggmgdktm Composed of Broken Stone and GraveI.-4Vhen tlie 
aggregiite is composetl of both broken stone and gravel, tliey shimld 
be mixed in wucit proportions (to be determined by experiments as 
ah«»ve mentioned) as will give the least per cent of voids when 
mixed. 

Proportion of Mortax to the Aggregate.-- The proportion of the 
niortiir to the aggregitle should be such that it will a Hi tie more than 
fill III! tlifi voids of the nggregiite, the strength of the concrete de- 
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pt‘ndin<>; ii doul on the proportion nt sand t<» I ho oonunit. ( art* 

should "be taken to see that the pr(»p(irtlons are sueli that the mortar 
will till all the voids in the aK.e:n*pite, and the mass will tump stdid. In 
^ameral, the amount of mortar mixed with the nv.ureirate shtmhi he at 
least 10 per et‘nt more than the voids in tin* loose at*y:re«,^atc\ which 
should be determined by experiment. Tin* proptuiiou of cement and 
sand to the a<rirre.a:ate depends a ixrmt deal (Ui the nature td' the U! 4 .i;re- 
pile; it’ it is of eoai’st* stone with bu'p* vt>ids, tht*u it will riMpjirc* 
more mortar to till thc*m than if ilw air.urepite was cd’ a fine steme or 
gravel. 

Proportions of Oemont and Sand in Mortar, yii*hl ot nnu'lar 
from a given sand should be separately determimal in mmt of the 
experiments mentioned above. Tliat is to say, the uniounl ot nuirlar 
made by a given amount of eemcmt and sand siionltl lie determined 
by experinu‘nt, l)ut in thc^ absc'Uee (d’ siu'h e\pi*riment'», Itu* general 
purposes the following may be used as an approximation, the units of 
cement being of 3H0 l!)s. net for Ih)rtiand and 2tu lbs. net for natural 
cement: 

Porri.AKn c*i’Mi:xr. Nati iiu, 

PvoiKn'tiuniR 1 te t t te « 1 t«» U 1 ti> ! I f<i I *i I 11» 2 

(’einrnt, .. 1 t t J 

Siuat, cu. ft.. a.ri 1 (K.i .j..9 *» ^ 

UeHultlug mci’tiir, cu. ft. 0 H lU.i .» ♦ U 1> iH 

Definite Proportions.— In all void determtiiatimis the proportkms 
to be used should be reduced to Hueli a basis tiiiit tluw riiii be Minted 
as follows, in terms of the actual materiiilH m delivenal on the grtniin! 
for use: One bbl. cement to .... cu, ft. siiml to .... eit, ft. gravid 
or .... cu. ft. broken stone. The proportions of the liigreilieiits are 
usually stated with reference to the aiiauint of cement to lie imnL It 
being taken as unit. 

Description of Experiments, Approval, Etc.— 11ie pruporliotiM so 
staleil, together with the descriptions of all cx|wrimeiitM leiidiiig tliercfo, 
should be submitted to the engineer for iipproviil, ititd iifler apfirovii! 
must be followed in measuring tlie miiteriiils tiiilll tiieri' h nuistiii to 
change them tlirougli change in condition of iiiiiterti4l« reeiuviMl. Tlie 
necessity for such cluinge kIiouIcI ho ilotermirioil liy the iiiiipridor itml 
approved liy the engineer. 

Adjusting Proportions of Agp‘eiats.--“Tliii relnlivo of 

sand and coarse aggregnti^ shonicl he iiiljtwteil poriinticiilly, liiiMcii on 
determination of th© voids In the miitmiiik iim^l iit tiiliiiig tlio 

concrete. 

Cost of Work Governed hj Proportions of Ooacreli.— If tlu^ pro¬ 
portions as stated in tlie spociflcitlions am not «iitiililo fur the lfri*keii 
stone furnished, the engineer nhonld deteriiiine tlie proper |irf»|iorlioii. 
If the ehange in proportion iiltew the cost of the eoiieretiu tlif* ilif" 
ferenco shcmlc! he paid for or dediicteil, its tin* cum* iriiiy hin 

Tests of Voids as Work Frofro^ts. of the %‘oiik in tlie 

aggregate should he made fnnri lime to time iiinier tlo’ dliwtiiiti of tlie 
engineer and Inslrnctlons given m to the fwr cent of itifirtfir of the 
specified composition to he iified. No extra allowiiiieti gltiiiild be iiiiide 
to th© contractor for such teste. 
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PEOPORTIONINa BY TKIAL MIXTUKES 

may la* piupoitiiauMi hy makiiiL^' volumatrit' lasts <»r trial 
mixture's ol' (*onart*U‘ willi a [H‘r(*anla< 4 t‘ ul’ afiutui! aiul dif- 

tVrant a.u'^'rt\ualas, aiul salt'diiru," Ilia mixtiux' {U’oiliuMU^’ tiu' smallt'si 
voliuna t)!' aonaralt*; tliau varyii^ tlu‘ prapui’tions thus IouihI, hy 
inspt'alian of llu* atuiartht' in lha lit'ld. 'i’iia priuaiplt' at tliis mat had 
is that a aamhinaiiau at sizas at sand and hrakt'U stout' or ^ra\(‘l 
which with a cauHtaud <|uauuity oT aaniant givas thu ItaisL vOluma at 
aanarata is the hast. 

Tiiis is tin* aamman-Htmsa inatiuHl of praparlionin|.»: atancrala, auul 
is valuahh' ais an t'asy and prnaticahh* niaains <d’ tlt'lt'nailnini^* Iht' ri^'lit 
prapartians iti which fa ctimhint' untural nuxturt's at a samd ami am 
a^'i^raixatt'; hut it is impraciiaahla tar an axhausliva study ta tlml 
tht‘ vary hast prtipartians atiaiuahit' lay scraaniu|^ tha sand and <ha 
stc)na and ranikiny; nrtiflaiid aamhiaiat hms af tha st'vtu’al part ions, 
llawt'var, this niatlaal is HiUisildts haaausa tha materials at haml 
nmsi ha usad ami m> <*xptmHa ha incurred in sartamin^ and Ht'pa-* 
ratini^ in anlar to inaki' t'xact prapartians. 

In prapartiemin^^ hy trial ndxtiUTS tlu^ proper propcnl/iouH of sand 
atid hn»k<ni stotia or gravel may ha elatmninad hy tlmling what niixturt! 
has tin* maximum weight for a given valuma, as t’edlows: I'sc' ati 
ortlinary galvanized Iran pail ami a spring halanaa. Mix st*varal 
hatahas td' dillVrant pre^portiann, UHiiig full pails of material in aaah 
instiinaa, as hiiiuII Ijatedias are likely to prove* de'captiva. Tha sand and 
hrokt*n stmu* or gravel Hhotdel not ho mix(*d in a aoniaal pile, <»wing 
to tha likaiiiioeKl eif tha aeutrsa ai?gn*gato redting away ami lH»img 
oitha-’ ignored or taken in e*xaess. hwtttael, iihc* a flat had in mixirig, 
Tha mixture of sand and amarsa aggragatt* Hliould not ha ratnmcnl 
into lisa pail, as it is almost imposslhla tti ram twiae alike. Instaach 
fill tile pail iilioiii liiilf fidl t»f water and sprinkle the mixture of 
Kami and aoarse iiggratrata intc^ it nltAvly fnun a sltove*!. Tha pail 
Hhould he tilled in each iimtanaa, alhnving the* excess of water to run 
ov(*r the edge. 

The aoiiiliitiittion of proportions liiiviiiig maximum weight sliotild he 
UHctl f(»r fdl cliiSNeH of a«tnareti% using less cement for pooi’cr mix* 
turas. To df*tarmine the hest pri>portion of at*jnant, use the pre- 
detarniined coiiihimtlion of naml mid stone ami mix clifT<*rent hatalieH 
witli vaiyiiig proportions cd’ eamant. Tiie eonarete IIiuh prnduat*d 
iliould bit mixed to the eoiiHistency initmded to he used in tlici wairjc 
iiml afiri*fully raiiiiiied or pmldled into tiie pall until it l« If*val full. 
Tin* aoiiihtniition trt\iii» 4 ' the greatest weigld k the ideal onc^ lor that 
eoiwisfiiiay of aoiicrtde saleated, hut more cu* lass eamant may he 
found itdvi)%it!»le liiider vnrioiw eiranniMtanaes. If water-tight a<m- 
eraie w flasiriai tsae Art. 471 more ea)[fit*nt must he use<l in eiiah Imtah, 
If poorer grades an» advisiihle, less cement may he us«*d in tin* regular 
halali. Siiiitll in proportimw of nil the ingredlenlH from 

the miixtiiiiiiii will lif» I'utiiid to make little dilTaraneii in the rehidting 
weightH. It slifiiild he reiiieiiiljerail that imcit lattah (d* eonerete must 
be weighed and takeii out of the pail btd’ore it has time to m*i, iih 
O tlierw'ise some dlflieiilt> iiiight be experiencetl in getting it looHe. 
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A inotlifiratioii <»f the iihovt* ('iiii.si.HH in drttn-iiiinirn: flui 

proportions of (‘onorote wliirh uill iho loast <Ii*plli in ii givon 

vessel, l)y varyin| 4 : the diflVrent prtJptnli<»iH of .hiuhI ttiiil j4toni\ hut 
keeping* the (junnlity (»r e«‘iuent and the plasfieify of tin* eoiieroft* Uie 
same in each ease. T{» apply tliis nietlaah proeiire ii ven.Hid c*f nniform 
eross-seetion, say, a eylimler 10 or 12 in. in tiinineier and 12 or M in. 
deep, and eap}>c‘d at (me end, T!i(* strenictli «»f I lie ry Under should 
be sueh that its vtdume will not lie elniinjinl in liiiiipini^ it full 
eonerete. The pail as us(*d iiIkivo will not iinswer in this eane, o\uii|^ 
to not liavin^x a uniform eross»Ht‘etioii. A eiildrii! box wit It ridn, 

sides may be ustal instead of the e\Under, if so ifesired, Wei^li out 
a unit of eement, and any number of iiiiits tif Hjind, siiy two, unt| 
also wei^'h out auy number of uiiilH of tirukeii Hfotie or irriind, say 
four, takiujr eare that the (fuantities are flint wlieii tlie 

(lieuts are thoromzldy mixta! liin! plaeid in the eyliiidiu* ur in the hm^ 
tlie mixtun' will till it only partly full, f^ity tliree-iiiiiirterH full, *\fiike 
a eonerete^ of any desired eonsisliuiey In liiixiin: flie reiiieitf, sitiid 
and lu’oken stone or gravel with wat**!* on ii slii’et of steel, mid tamp 
or puddle tin' eonerete into the eyliiider or box the ii|i|}er 

siirfaee smooth and horizon fa I, and tlieii iiiritf*iire the flrfitfi of the 
conereU' from the upper end of the eyliiider or Next eiiipty tliii 

eonerete before it sets, elean out the eyliinler or box iiiid tlir tooliij 
and make anotluu* laiteh of eonerete with liilfrrfUit nf «iifb 

broken stone or irravel, but keepitiu flu* id' rniieiil iiful ilie 

eouHisteney of tlie eonerete the siiiiie its ladorin If tiiw iiiilrli, when 
tampcul into tlie eyilnder or hox, ^dven ii Iom %’iiliiiiiP of eniirnde, tlii« 
proportion is better than the first. Vtirioiw iittier itiixfiire^ of eon* 
Crete should he tried in the f^iiiiie iiiitniirr liiilil I he |ito|i4irtiiiii« 
have been found wdiieh will pve the leiwf ilrfitli in the ryliitder f»r 
in the box, as the ease may be. The |irti|iortifiii« riiii in^ \iirieil itlimrHl 
infinitely by sereeniiif the «iiiid iiitd the ifiuie, liinl iiifT«»reiil 

combinatioiiH of thi several 

Carefully noting wlietliiir the lieighl cif eiitirreir in ilir ryliinler 
or box is morii or less tliiiii tint iteitflif of lli# flr^t liiileli* mill tinip iw n 
guide to further simlliir mixes, iiiitil it pniiwiiiiiii is foiitid xiiiirli 
the least height in tlie eyliiider or box, iiiid nl ilie fniiiiP fiiiiti ivurkg ivif|| 
while mixinu: iiiid looka wtdl in I lie rylitnler nr Imm, till tlie limkeii 
sttmoH or gravel biiing covered wit It iiiortiir. 

^ Frineiplii to Bi Ol^rvtd In Siltctiig Pro^rlloai, flit* folbwiiif 
primdjdes will serve as ii geiiertii utilile in %ideeliisij llw iirti|ai!liiiii.i4 in 
be tried with (liffiirent iiiixf«ri« in ciifieinlii by thii 

above methods: 

(1) The larger the tiiiixiriiiim »iie of tlie agirreiefiie, tlie fienger 
and stronger the concrete. It m not priiriicniile, litiinner. tii liirifer 
fragnumts than % to I in. in reiiiformi wiirrele or 2* i to Ii iii, in 

plain concrete (nm page II.IK 


* For fhc of a »rt*rir« #»f trinlf* 

combimulouM nf utetir »rr«*n«i i»» 

yoL 54, pmm riUK-iMU. 


Ill flir itrlmifl «»f 

%#tPrili •Pr M0mt 
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(2) The greatest dennity will be obtained with an a^ijci'n^nte 
gracied neai'ly uniformly from line to eoarse. 

(3) An exeesH of fine or medium sized partieles d(‘ereases ih(‘ 
density and also the strength of the eonende. 

(4) The finer the stone, the finer should be the sand; and, vice 
versa, the coarser the stone, the coarser should be the* saml. 

(5) The d(*nsity and also the strength of eonen‘t(* is atTec't(*d by 
the variation in the dianu*ter of tlu* partieles of sand more than by 
the variation in the diameters of the stoiie particlt‘S. 

PEOPOBTIONIl^a BY SIBVB«AN*AIiYSIS 

The most seientific method for proporti<mtng concrete is that 
known as ilie Mechanical Analysis. In fact, the only practical 
metluKl of determining the best ptwsibh' artificial ttdxlure cd* sand 
and stone is by the use of sit've-analysis curve's. This met Inal of 
proportioning the sizes of the sand and stoiie in concrete was 
devised by William B. Fidler and is described by him in coiisider- 
able detail on pages 1H3-215 of Taylor and ThompsonV Treatise 
on Idain and Ileinforced Concrete” (IDOII edition)» to which the 
reaeler is rc'tVmnl, and also to Prof. Ira (), Baker^s Masonry 
Ponstruction/^ pages 147-154 (lfK)9 edition). 

Prop<n*ti<»ning by weve-analysm is the most exact and tdTeclive 
method of studying Um character of the aggregate and of calculating 
the effect of various mixtium In ot!u*r words, this mt*tho<l affonls a 
means of determining the best proportiems in whicli t(» mix the fine 
and the eoarse aggregate, and also sliows lujw the aggr«*gate may he 
imprtH’ed by adding or subtracting some particular size. In tliia 
method the available materials, including the cement, are separated 
into various sizes by means of a series of sieves, ami the resulta 
plotted on erosH-section paper, the perct*nlagti hy weight passing each 
size sieve being plottiul as ahHcisHie, and the size as ordinaten. The 
curves thus plotted itidmate the percentages of tlie whtde mnm that 
pass the several wicn'cis. From ii study of thc^se curves the proporiious 
of tlie different ingredients are dt*termitied, ht*ing combined in tlie 
prepmdions indicaietl hy the sieve-analyHiH curves. A straight line 
indicatcH a uniform griuling of size. The tolhnving sizes of screens 
are desirable, although a very useful analysis may he made wuth 
fewer screens: :i4n., ’U-in., and V^ 4 -in. 

(Bee imge 101.) 

Hieve-aiifilysia can !m made from time to time m the work pro- 
grcHses, to determine wliether or not the sizes of tiui iiggrt'gate have 
eluinged; and if sizes have changed, tlie proportions can he varied 
to secure the rmmt economical anti tieiwc'Ht concrt»te. As to %vlietln‘r 
or not tlie increaiied cost of screening and proportioning Im 

justified hy the iiivirig of cement, depenclH uptm tlie inagnitiule of 
the work and other eonditiona. In a wtuic of any niiignitmlii this 
mctlioi! is lilady to he justified hy the better (|Uiility, or the less cost, 
of the concrete secured; and the extra labor required to make iieve 
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analysis during the progress of the work will he worth all it costs 
because of the better control of the proportions of the concrete. This 
method is, however, not available in the usual course of. concrete 
work. 


PEOPOBTIONS FOR DIFFERENT CLASSES OF WORK 

The concrete should consist of 1 part cement, 2 to 4 parts of 
sand, and 4 to 10 parts of broken stone or gravel measured by loose 
volume. For general purposes it is possible to state approximate 
proportions only, as the sand, broken stone, and gravel vary in 
size and proportions of voids according to their source and prepara¬ 
tion. Those commonly used vary from about 1:2:4 to 1:3:6 of cement, 
sand and broken stone or gravel, respectively. In many cities the 
building laws determine the proportions to be used. The proportions 
should vary to suit the character of the work and the requirements 
which the concrete must meet. 

The following list is presented to be used as a rough guide to 
the selection of proportions for different classes of work. These 
proportions have been adopted by practice, tentatively, in so much 
as it has been found that in general they give the desired results. 
These customary proportions or any or stated proportions should 
not be mistakingly adopted or religiously adhered to; instead, they 
may be misleading, and strict adherence to them, as is often blindly 
insisted upon by some overly zealous inspectors, may defeat the 
very object intended. A mere statement of proportions is no guar¬ 
antee of quality. The proportions depend upon the character and 
size of the materials themselves. For any given materials the most 
economical mixture is in general the strongest. The best concrete 
can only be obtained by consideration of each particular case along 
the lines already indicated. For large and important operations a 
careful study of the materials and of the best proportions to use 
for economy and strength should invariably be made. In other 
words, the proportions must be adapted to the character of the 
work in which the concrete is to be used and the strength required. 
It is not always necessary to use the strongest concrete, as the con¬ 
crete may be required to withstand only slight stresses and be simply 
used for its weight. The strongest concrete would then be 
unnecessarily expensive. 

Rich Mixture. —In columns and other structural parts subjected 
to high stresses or requiring exceptional water-tightness, rich mix¬ 
tures should be used in proportion of 1:4%, i. e., 1 part of Portland 
cement to 1% parts of sand to 3 parts of coarse aggregate measured 
separately. 

Standard Mixture. —^In reinforced floors, beams, girders and 
columns, in arches, in reinforced engine or machine foundations sub¬ 
ject to vibrations, in tanks, sewers, conduits or other water-tight 
work, standard mixtures should be used in proportion of 1:6, i. e., 
1 part of Portland cement to 2 parts of sand to 4 parts of coarse 
aggregate measured separately. This mixture is used more than* 
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any other, and ri(du‘r mixUin^s than tliis are not eominon. It is 
also one that lias been up to this time the most IiH'piumtly used in 
tests of reinforeed eonerett‘ struelural meiuhors. This mixtiin‘ may 
be considered as .a’ood, stron*^ eonercde as practically iuumI be used for 
any pi(‘ce of Portland c(‘nu‘nt concrete of appiH'ciabh* bulk. 

Medium Mixture.- dn ordinary machitu' foumlations, retainin*^ 
wallSj abutments, piers, thin foundation walls, buildiin^ walls, ordi- 
nary tloors, si(b‘walks and pavauuents, and stivers with luaivy walls, 
m<‘dium mixtures should bc‘ used in proportion of 1 :7U, i. (*., 1 part 
of Portland cement to 211* nf sand to o parts of coarse* 

gate measured separately. This mixture may be considere«l as giving 
a concrete of sutlicimit strength, when of proper (limensions, for any 
ordinary masonry coiistruction, and, at many times and plact's, ample 
for vt‘ry heavy work. 

Lean Mixtures.*— In unimportant work in masst^s, in hcaivy walls, 
in larger foumlations supporting a stationary load, in hneking or tilling 
for stone masonry, in foundations for asphalt pavtummts, and for 
similar pnrpoH<*s, h»an mixturc*s .should b<» used iti propor’tiou of 1 :!), 
i. e., 1 part of I*orllaml cement to 3 parts of sand to tl parts of 
eoarse aggrt‘gati‘ measurful Hefuiratt*l.v. This mixtun* may he eon- 
sidered as giving a concrede of sutlicic^nt stremgth, whi*n (d’ proper 
dimensions, for mucli (U’dlnarv plain work in favorable positions. 

^uch pi’oportions as 1:3:7, l:d:H or evtm 1:5:10 could be uscal 
wliere strt'ngth is not an (‘ssentlal charaelcu’istic. Inclndml in tlie 
volumes of the ctmerete masonry tlim*e coidd he large* stone, say a 
foot or so across (see Art. 34, Hubhh* Concrete). IMu'se rubble stones 
shouhl be separated from «*ach edlnu’ and from the* surface. Mixture’s 
as lean as 1:3:0, 1:4:12 lUid 1:0:12 are also used, but they arc* 
exc<*ssivcdy stemy and have a very limited application, mcmtly for 
filling purposes wliert! a iwrous camcrete having some coherency is 
desired, 

Proportious for Natural Oemeat Ooa€r6te.---For natural hydniulie 
cement coneretc% a good mixture of 1 pari ct*ment, 1 part sand and 2 
parts brok«*n stone or graved may he eotwidenai as gocal, strong 
ecmcrete as practically can l»e made with natural ccutient; and I to 2 
or 4 to 4td may he ccmsideri'd as pcau* and weak eoncretc* as praeti- 
cally Hhould Im made with natural cc*ment to be used in auy wt»rk 
to be classed as durable and sutllcient feu* loads UHually placed upon 
masonry t»f ordlniiry dimensions. 

Usual Proportioni**-'Tha usual proportiouH, unlesH edherwise par¬ 
ticularly sliowti upon tlic drawings tir called for by thf* Hpeciflcatioiw 
applying to tlia particular piece of work, slicudd lie: Plain or maHsivc* 
couerete: One (l| part Portland caniient, two and a half (2 ^m 1 parts 
sand, and five ( 5 ) parts broken stone or graved. HcdnfcuTcd con¬ 
crete: One (1) part Portliind cement, twcj (2) parts Hand, and femr 
(4) parts broken stone or gnivt4. Tin* propcniions vary with the 
strength requiriHL Tlie ntoMt economical propemtiona can be deter¬ 
mined only by varying the proportions of sand and eoarse aggregate 
and studying the result. 

Oiudtr Concrete.— Cinder concrete may la* ccuuposed of PH) lbs. 
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cement, 2 en. ft. g’ravel or coarse sand, and 6 eii. ft. of cinders. 

Slag Concrete. —Slag concrete may bo composed of 100 lbs. cement, 
2 eu. ft. gravel or coarse sand, and 6 en. ft. of slag. 

Determination of Concrete Proportions for Work in Place.—Por 
an interesting account of a method of determining the proportions 
of a concrete after it has set in place, see Engineering Netvs^ Vol. 59, 
page 46, January 9, 1008. 

Art. 14.—Measuring* and Estimating* Ingredients for Concrete 

Methods of measurement of the proportions of the various ingre¬ 
dients, including the water, should be used, which will secure separate 
uniform measurements at all times. The proper amount of the 
several kinds of material should be measured in some way wiiich is 
entirely satisfactory to the engineer or inspector in charge of the 
work, so that they may be satisfied that the recpiisite proportions of 
each kind of material are delivered for each hatch of concrete. 

UNITS OF MEASUREMENT 

The proportions of the ingredients for concrete ar(‘. usually stated 
in parts with reference to the amount of cement to he used, it being 
taken as unity, as, for example: Cement 1 paii, sand 2 j)arls anti 
broken stone or gravel 5 parts. The unit by which the parts are to 
be measured should be stated, otherwise confusion and misunder¬ 
standing will be likely to arise. In other words, if the units of 
measure are not stated in the specifications the inspector sliould see 
that a definite understanding is had by both engineer and contractor 
of what they shall be. Concrete may be proportioned or the ingre¬ 
dients measured in any one of three ways: (1) by weight; (2) by 
volumes of packed cement, loose sand, and loose stone; or (3) by 
volumes of loose cement, loose sand, and loose stone. 

Measurements by Weight. —(k)ncrete should, as a rule, be pro¬ 
portioned by weights, which is the most accurate mc^thod. ()nly 
occasionally, however, is this method employed, it generally being 
cheaper to use more cement than to incur the increased expense of 
weighing the ingredients. Cement should invariably be measured 
by weight, even if the sand and sione are not. Tn praetice this is 
accomplished not by weighing on scales hut by counting packages, 
since bags or barrels of cement have standard weights as mentioned 
below. 

Automatic weighing machines are occasionally employed for 
measuring the ingredients for concrete as described on page 1.57. 

Measurements by Volume. —This is the most common nudhod of 
proportioning. When stating the proportions by volume*, too much 
stress cannot he laid upon the necessity for the adoption of a 
standard unit, and upon distinctly specifying this standard, as other¬ 
wise an unscrupulous contractor may adopt for his unit the volume 
of cement very loosely measured, and thus produce too lean a con¬ 
crete, as fully explained in the next paragraph. Tn other words, the 
volumes of sand and stone or other aggregate should be distinctly 
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stated in the proportions, in tenn.s of (ho mind>er td* euldr lV(*f ot 
eaeli nuiitnlal to a burn! of i*i‘nu*nt, t>r els(‘ by parts, eouplod with 
the explanation tluit t)ne part, or barrel, rt‘presents a detinitt* voIuiih'. 
Jn speeitieations \vlu*ro the pn»pt»rtions are i;iven by parts, with lu) 
unit ot‘ tueasurernenl, the eontraetor undoubtedly has tlH» lepij rh'iit 
to base the* volumes of ai»’| 4 'ri‘| 4 ate on the buhst^ nieasurtnuent ot eiaiunit, 
and hene(^ the necessity of exact stattmumt td’ units as tiescrilitnl 
Ixdow. 

Volume of Barrel of Cement* If the nail (d’ ineaHurerneid he tlie 
barrel (d’ cement tlunx* is likely to be some inisund(‘rstau{liu.* 4 :, 
to the variation in the size (d' barrels ami tlu' dt^j^rcH* (d' eornprc‘Hsi<tn 
used in packini^ the cement in the barrel. In oilier words, cemtmt is 
ditTeiHUd in volima' wlien tneasureil loose and mdum paekcal in the 
barrel; eenieni barrels vary in volume cd’ eontemfs. In faet, tin* 
ditTercmci* between tin' volume of a barrt'l td’ eement wlu'U measured 
paclo'd and loose, and variations in size and wei^id. have bet'ii Hub« 
jects cd'ext ('tided controvc'rsy and cd’ten bittenu'SH bc'twc'c'U <»ni:im'<*r 
and eontraetor, and Ims rc'Hidtt'd in much fried ion and liti.iration. It 
should Ih' definitely umh'rstcmd In* enidnet'r, ('ontrnetor ami inspecdor; 
(1) whethc'r tln» vidume cd* cc»ment used is its voluim' nu'itsurc'd ItNise 
or its volume' as packed in the barrc'I; (2) what tln^ cubic c»«uiteuls 
of a barrc'l cd’ eemcmt sliiill be eiillecl 

The volume of a piic'kc'cl harrc'l cd’ c'emi'iit ran.m‘H from about 2.2 
to 4 cu. ft.; when the eement is rc'inoved from the* barrc'l It IncreascH 
in volume betwei'U 2(1 and 20 per ec'td, beinrr swc*llc'ci c'oiHiilerably m 
it falls freun the liam*l. It is now ctHtonmiy* to assume ii liarrc'l of 
packed Portland eemeid to be 2.H cit, ft. If the barred in which the 
cement was paeki'd is usch! to mi'anmc* tfie sand and stom', a mixture 
cd’ 1:2:5, for instiinec', will mcam om< Imrrc*! or alamt 2.H cu. ft. ecuni'td, 
two barrels or about 7.(1 eu. ft. wand, ami five liarreln or about 10 
cu. ft. Htcuie. If the ccuneiii is removcul frcuii tin* bnrn'l aud the 
volume cd’ the loose eemf'Ut is tiikc'n an tlie unit cd’ nu'iwure, thi^ 
proportionw 1:2:5 will iiieiin about Oil eu, ft. cd’ sand and about 
24 cm ft. cef stone, waking a weaker mixtaire than was ecmtemplafed, 
Inmc'c the neceasity of exact statement of nnita an mentioned atmve. 

Volume of Bag of Oemtut.—Whi*n c»ement wan usually shipped in 
a barrel and a fraetiona! part <d* a barrel was used for a batch of 
concrete, the cement wiis nieimured looae, but at pri'sent I bin method 
is not etiiployed (except witli automatic iw'imuririn miicldiif'sK be' 
c'litwe it iH simpler to coimider the hau: of eeiiu'tit as the unit, four of 
which are ecfuiviiletit to a barrel cd'* Ikirtland cement or three of 
natural eement. In fact, the cotdracdor’a unit of meaHurement of 
ccmient k the bun:, (imtraidora universally caumt one bim^ m lieim^ 
ecfUiil to I cm ft,, find miiny enifinecm specify this tlifure. It is tin* 
most cofivenient unit «f ttieasiire in actual const ruction work, and 
for this rciisiiit mid bccmitw id* contractors^ practice, the author 
would Il« liikiplloti iw sliuiiliird priicdic'e. In other words, it w 
now till! ciiHtoni to iissmiie tint! n htitf of cement cauitiiitm one (1) 
eu. ft., iitid tlie |iro|Kirlioiw 1:2:ri meaiiH ci'Hient 1 cu. ft.. Hand 2 cm ft., 
am! atone 5 cm ft. In fact, it is very conumient tt» take tlie cubic 
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foot as a unit and consider the bag as containing l"eu. ft. of loose 
cement. 

Volume of Barrel of Stone.—^If the sand and stone are measured 
in empty cement barrels, the inspector sliould have it understood 
whether a barrelful is the volume measured with the heads knocked 
out or the volume contained between heads; there is % cu. ft. 
ditference. 

Volume of Wheelbarrow Load.—Concrete may be proportioned by 
using a wheelbarrow for a unit of measure and mixing together the 
specified number of barrows of each material. If the materials are 
measured in wheelbarrows, the inspector should have it definitely 
understood what the volume of a wheelbarrow load shall be called; 
there is a cubic foot difference between the capacity of a wheel¬ 
barrow, water measure, and the load usually carried by men in 
wheeling. 

Summary.—The unit of measure should be the cubic foot. The 
unit of measurement for cement should be the bag as received from 
the manufacturer, having a gross weight of not less than 95 lbs. (for 
Portland or natural cement). Such a packed bag may be considered 
as being equal to one (1) cu. ft. of cement. Cement lighter than 
above should be counted of proportionately less volume. The weight 
of cement is sometimes assumed as 100 lbs. per cu. ft., and the 
corresponding volume of a barrel as 3.8 cu. ft. or 0.95 cu. ft. per bag. 

MEASUEEMEJNTT OF MATERIALS 

The careful measurement of every batch of concrete is a matter 
of great importance and should never be neglected. Too much atten¬ 
tion cannot be paid to this important part of concrete-making, for 
the only proper way to make concrete is by carefully measuring the 
proportions of cement, sand, broken stone or gravel. If properly 
managed it takes but little time and adds almost nothing to the 
cost of the work. All parts should be actually measured. No guess¬ 
work'^ should be allowed. The materials should be measured loose 
in a uniform manner, easy to control either by workmen or superin¬ 
tendent, without likelihood of frequent error. In other words, the 
inspector should see that a method is adopted whose accuracy can be 
readily verified and which is sufficiently simple for the ordinary 
workman to carry out without likelihood of frequent error. Fine and 
coarse aggregate should be measured separately as loosely thrown 
into the measuring receptacle. 

Where indefinite measures are used, inaccurate measurement is 
apt to come back on the contractor, because a careful inspector 
requires measurement on the safe side, and too little sand, broken 
stone or gravel in a batch of concrete means corresponding increase 
in the quantity of cement used. 

Approximate Method. —The inspector should not under any cir¬ 
cumstances permit an approximate method of measuring to be used, 
which may yield an excess of sand and broken stone or cvravel over 
cement. If an approximate method is used, same must provide for 
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not li‘NS Misin tiu* proper proporlion (»!’ (‘eineni, with the possibility 
that this proportion will overrun. By this is niennt that if the hai*- 
rows of sand ainl lu'oktui stone* or a’ra\t*l are* he*apin,u', the* prope*r 
amount eef e'e‘ine*ni will he* useal. The* usual eneurse* e>f providing a 
strm'k harrow of ee^iuenif aiiel heaipinu- harreiws of sanel and hi’e>ken 
stone* eu' yrave*l niust ind. he* pe*rndttt‘d. 

Measuring Koceptacles.—Tlu* nie*asure*nu‘nt of inate‘rinls may he* 
hy hottonde*ss heixes or l)y headhxss t*e*mt*nt harre‘ls in whiedi the 
mate‘rials may he e*ust am! li*ve*leel ofT; hy a prope^rly eemstrueded 
denihle* mitn in a bin ediutc*; Ijy the use* ed' suitahh* e-arts eu* hy whe*e‘l* 
harreews liavinix Hcjuarc* or eylindrieml iHalie's <»xtu‘t‘SHly eh‘si|:ne‘el feu* 
this purpeese*; or ley autoiaatie me*astu*iuir el<*viee*s. If the intmsure’ 
im*nt ed’ matt‘rial« is de‘termint*d hy we*i|xht, the* seuiheH shemlel he He»t 
at a wt*i5.rht W'hiedi is a faeteer ed’ thee tedal we‘i«4ht. \’ery little tinue 
will he re*epiin*d to hritig ilie sealer to a halanet* for eaedi wdH‘el- 
harrow. 

Measuring Cenaent.—Tlio cjuaiitity id* eement sheutld invariably bee 
r<“^uhdcHl !»y its wi*i* 4 ht; if the propeuihms are* stal<‘fl hy vedmm*, a 
<le‘tinite* uen^dd eu* miiuher ed' pnediaireH ed’ eemead must he* assume**! 
tei the unit veduim* as m<‘ntie>ned on pai^e* 22. (*<‘rii<‘nt may he* 

me*asiire«l in the* ori-iinal paekav<‘H and the* paeknf 4 't‘H <a»nnle*ek iimte*ael 
cd’ we*ii'hinir on seudes, sine'e* Iuikh or harrels <d’ eeim^rd liavee stamlard 
weights. If hiif^s rt*eeiveel fnua tin* manufaednrer eontain lew than 
IM Ihs. md ed’ Bortlaml for iialuriill eement* the* earntraetor Hhoulel he 
re*fuin*el to hrin^’ tip tin* weiidd wit It addtlioiinl e<*ment. If the hav^s 
weiirh imiformly timr«« flian is Iie^re eaile«| feu', the <'«mfraetor Bhoidd 
he allowi'd to renu>ve flic* exeexss e'enu’nt* prendded <*a<di hai^ thus 
alie*red is a!tt*rc*d hy we*ivdit. 

If Ih irnportaiil* henu'U’f^ to m<*nsure and wetirh some sample 
hav^H ed’ the* eement uned cm any work, to sc’O that tlic*y eontain a 
etihie foot and weiijli eloso to ft-l Ihs, eiielu If tin* hai..f« are* hmml 
md- to eontain a full enhie tool, the either pro{»i»rtions or me*a?4ures 
for the eoiierete Hlionld he made on the basis ed’ tin* aednal vofiniie of 
ei‘m<*nt in a hiiir. The liiHpeidor sliouhl iiie*aHiire and w‘eiidi lit least 
om* Imir in forty ns eement is iweiieih in order to eheek voInmeH 
ami weivdils. Every fiieility must tie i^ivt'ri to llife inspe^efor to propf*rIy 
supervise tlie prueesn of ni«*fiHiiriiiir iiml w’eiifliiim. If the eement is 
turmal out id* flie hii.tfi4 or Imrrels for the purpose of storinir, it should 
la* wei|?lted iivoiiri us rehfiifLO*d or parked, iiml eiodi hii|^ tir barrel miiMt 
eontain no less weiyfit of eiuniuit lliitri the iiliove unit, 

A hii^ of ei»ifieiit will iioiiiefimes eontain lumps {^ee piii^o 2ll|. 
These slioiild lie lirokidi tip, eir, if they are too rid’raetory, they 
sluiuld hi* tliromm out iiiitl uemd eettieid u^ed to initke up tlio dcdlrimiey, 
Miasiiriag Sand, Brokftn Ston# or Gravel The aiuid iimi broken 
Slone <»r i^riivel sliutild he iietiiidly measured in hulk. Ham! and stone 
are very taimiitotity itieiistired in wlieelhiirrotts, hut this imdiiod needa 
eiirefiil wiiteliiiiy fii iiiiiinfniii uniform eomliltoiH, The use of the 
oniinfiry slifillnw riitiiiddintfotii mdieidliiirrow sliiiiild not he etUHidered 
Blit is filet ory iiiid sliutild lint lie |M»rmitti*d. The use of liarrels or 
bicxes mil limit liinnls am! Iiottoiiw, info wdtieh the Hand iiml broken 
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stone or j^i’ravel may l)e east, the eontaininy v(‘ssol then laanp: re¬ 
moved, may be eonsidered satisfaetory, or, preferably, tlie use of 
s(juare and uniform sized whecdbarrows built spcanally for this service. 
Where aee.urate results are desired, and esptadally with thr(*e or more 
siz(‘s of airjLrrepxte, the use of a bottoinh‘ss box H to 12 in. dta'p is 
reeommended. No eountinir of shovelfuls or othc*r approximations 
should be allowed. 

In measurin<r sand, proi)c*r allowanees shouhl Ik* made for varia¬ 
tions in moisture, and the eoutnudor should be recpiired to make such 
moisture tests and allowanees in measurement as direeted. 

Measuring in Wheelbarrows.— The most eeonomieal measure is 
the wheelbarrow, and is the ordinary unit <d' measununenf uned by 
workmen for measurin«jr the mattnaals for eoncuxde. A wheelbarrow 
of known eapaeity is a hamly unit of measure. 

The measuring of the ingredients of eonerete is md. very satis- 
facdorily done' on the average joh. This is heeaust* of uneertainty 
as to the eapaeity of a whetdlmrrow, Wluux' wlieelbarrows are ubimI 
they should be of the strai.vdit top type and Hlmuhl be of one niTAh 
or the size sbonhl be plainly marked if more than one size in used. 
It sliould be ehairly understood what the volume of the wheellmrrow 
load shall be ealled. There is a dlfferenee of ov<*r a eulne foot between 
the eapaeity of a wheelbarrow, water measure, and tlie beapiii^ 
load usually earrif'd by workmen in whe<‘lin^. An nveraixe wheel¬ 
barrow eontnins from 2 to 3*4 en. ft., depemlin^ on tlie amount it 
is heaped. The measure of the size should be tin* eubie eontents of 
the harrow *^Stnic*k Flat^* with a straight edi^e, tm htuipinir heiii^ 
allowed. This xvlll make the measureimmt indepemdent of llie jud|j- 
ment of the shovider and will irive definite, aeeuriite volumes fur 
eaeh hateh. 

When measuringr sand and air.wwde in wheelharrowB, flwt find 
out the numb(*r of hags of eeraent ii harrow will etmiiutit ati a« to 
aseertain the number of barrows of Hand ami aggregate to u«e to m 
given number of bags of eemeiit. In other words, the »tep In to 
aseertain just how mueli or Imw many nmkn of eewieiit a barrow 
will hold; theti it can be readily flgurcal liow many Imrrom* Iciiiili i»f 
eaeh material are required for a hateli t>f eonerete. Tlie mdteol- 
barrows should be cheeked by meana t»f the stfimianl unit, and tli« 
required depth of filling marked. Otm tmdliod of prcieedure is to 
make a box just I ft. eaeh way, inside diniensioiiH, find fill tli*» 
twice with the broken stone or gravel mid dump it into tlie wliaid- 
barrow. By observing tlie amotint it is filled, eiieli wdi eel bur row loiiil 
can be heaped or stniek off to the same extent. The sitiiie <loiie with 
the sand, ho that the appearanee of 2 eu. ft. of siind miiy iilitii 
be noted. Then two bags of eement are ealled oint piirt, or 
eu. ft., and eaeh wheelbarrow of sand or stone m ealled one part. 
For hand mixing a 1:3:11 mixture there would tie iwed 2 bags f%f 
foment, 3 wbeelliarrows of sand and 0 of broken stone or srrttvoL 
Four to six men with shovels would be tieede*! to turn tliiH ovi*r 
(see page 170). A %-y*d. bateh mixer eould take in the wiiiie ctuiiti- 
tities (see page 1117). 
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This way oi‘ lueasiu’iui^; in whoalbaii’ows is not very aeeurato and 
not very satislaetory on any but mass work, unless the loadini^ o£ 
the wheelbarrows is eai’ei'uUy watelied. For ordinary work, however, 
measuring in wheelbarrows will do, provided tlie worknum ean be 
trusted or someone is waiehing them all the time; for tlu‘ worknum 
are liable to beeome careless and not till all barrows e<iually if not 
carefully watched. If there is an incline from the broken stone or 
gravel and sand piles to the mixture, the worknum are less apt to 
overload their wlu‘elbarrows, as 2 eu. ft. is about all they will care 
to push up the grade. Tlie contents for each batcli should be care- 
fidly mixed in a measuring box until tlu^ worknum become accus- 
tomcnl to tilling thcdr wheelbarrows in the re(itured rnanuc‘t% and the 
inspe<dor should recpure all material to be tneasured in boxes, if in 
his judgment the measuring in barrows is not Butllciently accurate. 

All wheelbarrows must be brouglit to a hwel when filled; a stnall 
top on tlm wlu*elbarrow load looks like a small matter, but may in fact 
mean a material decrease in the pr<»pt»rtiomd amount of cement. 
An unscrnpulous contractor also may gradually increast* the amount 
of sand and stone without its Ixdng mdictmble for sonu* time. Wluml- 
harrows containing the recpiired amount wlum levcd full can easily 
be oldairuul. Iloltomless boxes made to not in the whe(dl)arrow ean 
also be used to measure the materials correctly. 

Heaping Wheelbarrows (Alternate Clause).— The use of ordinary 
iron barrow^H may (with tim cuigineer^s e<»nHent) be p<*rmittt‘d for 
mt'asuring the br<»ken stone or gravel and sand, providml they are 
construeted as to contain, when luatped to their utrtiont capaeity, 
exactly the eomud proportions as determimal from time to time by 
the engineer. Tlie barrows nhould be relatively dcH*p ami of uniform 
sixe. Tludr capacities should be determined in cubic feet by actual 
measurement of the hcaped-up contents in a barrow or sliallow, hot- 
tornlens box. The cement being tlien measured by the bug, the results 
are likely to be satisfactory, as the most important ehunent (the 
meaHurement of cement) i« guardetl. Wlum sueh meaHurernent is 
permitted, no altowiince should be made for maleriid winch may 
fall from the harrows in conveying the same to the platm of mixing. 

Measuring in Barrels.—A mom exact method is to use a liar ml 
with botli heads out, netting the barrel up on the mixing platform 
or pile and filling it with the sand and broken sttme or gravel, ttien 
lifting the barred, idlowing the material to run out on the platform 
or pile. Bet the liarrid up and fill it again until each material has 
bt‘en measured. A barrel with the bottom out is a very convenient 
f(irm of measure for saiul and Htone, as it is easily filled and more 
easily clumped. It w not ko good as a properly designed barrow 
ora bottondc»f4s box, because more leveling is required aftm* emptying. 

Bometimes cement barrels are used to measure tlie proportions 
of the ingrcilients for eoncrete. This method has the udvanlage of 
iwing the same iiieasiiriiig rtmeptacle* for all the ingredients, am! 
also that one or two men can be constantly at work filling liarrels 
with sand and broken stone or gravel, and standing them, handy by. 
for use m wanted. This makes the work go <|uicker. An the cement 
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is slinken down in ilw liarnds it on!\ luir l«» tin* i'tnifnirlur tiuit 
the sand and sttnie harrnis sfiouhi hn tllli^d W lien c’enient 

is funiished iti ba^^s, hot loudens tuaes are inHinilh r«i|4i»>ed iiintead 
ot‘ barrels. Or wheellnirrous iitaiy be as itieiifiuitrd iilane. 

Measuring in Bottomiess Boxts. A \eiy Hjiie^iiiritiry mul 
rate inidhotl (d* measurin'^- the siind iiiid liroktii Mtniie tir pruvef eon- 
sists in the use of a box built lulimiit ttifi to* l»«»lloiii ittiti fircivided 
with four handles at the Ht'veral eoriiers, niinle by »iiii|i|y exteiidiug 
two sides tunl euttin^ thrtii ho tliat the tiiilid eitit be mmlly fdiinid 
beneath the extension of the sides aiiii tin* inixitik^ |ilfilfiirtii. Tluj 
sides of the box alsoidd not b*^ liiulif frutii B to 12 in. A wlieeb 
barrow could not be dui«|»etl over tlie ^sties * 4 " 11 nnd n 

flat l)ox would not neeasHitiile m iiiiicli s|imitliiiii nf the iiiiiteriiils 
after the bcjx is liftinl an 11 liii:li box. 

For a 1:2:4 mixture in mliirli twn iiitgs nf rf*iiieiii ure tt» be 
employed, the sand box may be 2 ft. I»> 2 fl, by 10;» in., ifiMide 
mc*aHurement| whit© tlie lirnken stmie nr ifrinrl Imi f^biittlii lie 2 ft 
by 4 ft. by 10-2 tti. For a ntixtiire tlie mti4 lio\ ni«y tai 

2 ft. by 3 ft. by 10 ^ lirnkeii ni' btix 3 ft, 

by 4 ft, by lU/a For oilier cottiiiitnilioii'^ the lirrri^iin of 
box is obvious from iimmmvimmtm. 

Proper meiiwiiriii^ lanes s|tt‘eiaiiy rfin»4|rtiririi f«*f flu* |«ir|Mi»e 
simuld be provided by the etiiilriietoi iis iliirrted Ii> flio tmifiiieer. 
Kik'Ii of these boxes sliinild, witrii flilril iiii»| nii’arh !r%»4, eoiiintn 
tlie priwribed proport ions by |i«» by a 

reliable seale, Tliat Is to m}\ tli** |»s^ %u itiiaiiifpil iw 

to hold the reciuiretl iitiioitiil aft 1*1 a Oflp*. 

Tliis will make the «i«*iiHiirriiiritt til «t liii' jiidi'tiiriit of 

the shoveler. If other iiiefliinl« of ate |M*fwtiilrii, ilie 

meamirementrt slioiilil be biweit mt ti*«« *4 ilio miieni in 

the original packiiice, amt tiid iifier litdiii leiiifHrd !h*tif imm, 

Bueh II box miide of tin* |iro|nn If* rotifaio a niiit t|iifi«tllv 
for a batch of eoiicndo cap lie |iLt«»f»4 «oi the mn^muf |ilatiiirifi iitnl 
filled Ifwcd full of wiiitl mum 1110 ! of lir**krii ^loiie to iwicr f«r 

two boxejt cotilfl be nneil wl«*ro ilio iffltime of mtmn* et not tiotilile 
that of amid). Fsitig iw«i limo'i to ihr fiiiiipiiiik 

amirately, but it rei|iiiri*« iiioro iMiiiiliitii* Iti ilietii, uftm 

Urn meamiring, in 1111 atliaiiliiift^iiw f«ir llitw itliftof 

to the ex|M*itiie of mliiiif the rtinnefiv lino tiii«llwt4i of flie 

bottomlepM botcfi mcftlloiirii alioi# U In the liwf in 

such a txix and then ipreiitl ftie iiiitiof,* plfilforfn ittsd mix in llte 

eement dry. After ttik tiikiiin tlio ^iirfiirr i# li'telrtf of iml llir hm 
placed Ilf Min it and filled wit It tlie lirokeii m 4"riiv*4 tlie 

fifone li spread over ffie iiiketi liinl mwent to innfc*f it sfiil llte 
water thrown fwi iirnl flie final inhipir done imm 1771. 

The bottowile^^ box tiielliOfl #if iiiw rafiiiiit tie 

n»ed In tlila naiiie m^iiy In tiw*rlatiir«l inker# kee pure 1711; 
a dumping wtiiaro tiiiww**r» niiild lir np front wbicii to 

load whindbarrowit and mmt iiiea^iireitieiif witilil hr effected in 

this way. 
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The bottomless box is not. ((uite so aee.nrale a measure as a 
properly desi.ij^ned wheelbarnnv, that is, a speeial ch^ep-bodital barrow 
of one ol‘ tlie types now on the marked., bt^eaiuse an unserupiilous 
contractor can more easily heap the materials in the box wiien the 
inspector's back is turnetl. 

Automatic Measuring Devices.— To avoid uncertainty and lal>or 
in measuring the cenuait, sand and broken sioiu^ or g-raved, various 
automatic devicc‘s Iiave been designed, btnng most usc*d in connt‘c» 
tion with continuous mixei’s, but tliey may be easily adapted to 
batch mixers if desired. One point to be observcal is that all of 
these automatic devic(*s measure the ctnueut loos(‘, and this must hc^ 
allowed Tor in proportioning the mixture, otluu’wise too lean a 
concrete will he produeed, as mentiotied on page 174. 

Automatic, wadghing macliines art» sometimes ustsl. Tln^se usually 
consist of a series i>f automatic tipping huckeds plactul under spouts 
leading from tin* storage bins. When the proptu- wtdght of mutcudal 
is in the bucket it auttmmtically tips, shuts a valve in tl»e spout, ami 
empties into the h(»pper leading t() the mixing maehine. Whem all 
three ingre<lients {cmmnd, sand and stone) liave laam emptied itito the 
hopper, a valve opems am! they an* (*mpti(‘d into the mixing machine. 
When ditTerent si/.c^s of stone are ustsl to secure a wtdl-graded aggre¬ 
gate, bins and aulomiitic tipping hucktds are supplied for each aim 

Wlum automatic measttring dcvic(‘H are used to proportion the 
concrete, it sliould he reepured (1) that they are regulatcnl to give 
the proper pniportitnw; (2) that the inatfO'ialH do mit clog, c.lioke or 
arch in the fc(*d hoppers; (2) timt the feed hoppers are kepi amply 
supplied with materials. 

Ska of Batches.— Batches should Ih^ of such size' that tlic*y can 
be profHU*tiom*d without using fractions of measures. If it is possible, 
the batc.h shcnild be of sueh a size as to take either one or two full 
barrels, or a cmlain number of full sacks of ccmuait. This will 
obviate the necessity of measuring or weighing the cenumt. In other 
words, the ffuantity of coticnde mixtsl at one time shtnild be sucli 
as to use either a half-barrel (two sacks of Portland cement) or a 
barrel (four sacks) of ceinent iit a time. If compeIl(»d to use frae- 
tions cd' bags, said fractions sliotild be weighed, upon the assumption 
tlint the neat cement weigim not le*ss than 1)4 lbs, per cubic foot. 
In this connection, see pages 1(15, 171 luid 17H. 

Miasnrtof Water,—The cuntraefor slanild Iw rtafuired to provide 
suitable meaim for controlling and accurately measuring water for 
mixing concrete. Water can Im measured by tlie bueked or by some 
automatic npparatim. Water should bi‘ measured by tlic jiail for 
small jc4)H, In this ctmm*ction, see pages 171, IHC) ami llfl. 

Variflettion of Maasuros,-The accuracy of (lie measuring boxes, 
htjpi'jeni, etc., must be verifiecl to make sure that each holda the 
amount intentied. Tliis may bii <loni;i by using ti known meaHure to 
fill tlic nienHuring box enipiciyed, or the volume of tln» measuring 
box, etc,, may be computed mathematically. Tests slanild be made 
by the contractor with tlie carriers—whether wheellmrrows, l»oxe« 
or cars—u«ed by hiiii| «o that the rctpiired proptirtion of concrete 
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may be maintained as nearly as possible; and the engineer or the 
inspector should supervise these tests and fix said proportions for 
the kind of carrier used at each piece of work. No extra allowance 
should be made to the contractor for such tests. 

Accurate Measuring. —The chief points to be considered in pro¬ 
portioning the ingredients for conci’ete are to effect the maximum 
accuracy of measurement with the minimum amount of handling*. 
It is desirable to avoid high lifts of the sand and stone, either in 
the shovel or in the wheelbarrow. It is also desirable to accomplish 
these preliminaries to the mixing in the shortest time possible con¬ 
sistent with proper accuracy. The operations of measuring should 
follow a regular routine or sequence, which should not bo varied 
from, and a double check system should be used by which the cement 
man and the mixer operator check the number of measures (see 
page 162). Skipping a measureful when several measurcd’uLs are 
required to make up a hatch is a very common error. Lack of system 
is mainly responsible for this error. 

Accurate measurements are of the greatest importance, and should 
require (1) that definite measuring units are employed as men¬ 
tioned on page 150; (2) that the accuracy of the im'iisuriug boxoB, 
etc., be verified as stated above; (3) that the filling of the numsurini^ 
boxes, hoppers, etc., be exact; and (4) that when two or mora 
boxes or hopperfuls, etc., go to make up a hatch, the exact number is 
employed for each and every batch. 

Measuring Cement for Reinforced Concrete Work.— No cduuiees 
which vigilance and caution can avoid should be taken in measuring 
and charging the cement content of concrete for reinforctul et>nereto 
work. While skipping a measureful of sand or stone entails no 
dangerous consequences (a batch of extra rich concnhe results 
simply), it must never be forgotten that a batch of concrete with¬ 
out cement which goes into a girder or column will result iu the 
failure of that member and possibly the failure of the building. 
The measuring and feeding of the cement should be done und<?r the 
direction of a superintendent, inspector or foreman having at leaHt 
two years’ experience in handling reinforced concrete. They Hbould 
by all means be made to understand that safety, life and property 
depend on the accuracy of their work. The sacks of caunent sboultl 
be counted each clay and computation made to see that the proper 
amount of cement has been used. This should be dcme in acldition 
to watching the concrete mixture itself (see page 163). The e.emcuit 
sacks are generally tied up in bundles of 100, but too much d(*petHl- 
enee should not be placed on this and the bundles aloiu* counted. 
Batches of sacks have been known to run 80 to 90 to the btuidle. 

ESTIMATINa INaREDEBOTS 

A number of formulas and rules have been devised to regulate 
the quantity of cement and aggregates to use per cubic yard of 
concrete, after deciding what proportions of ingredients will he u&ed 
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(soe Art. I'O- The host rules ^ovenuii^’ i'ontuu* praeticn^ are i!;’iveii 
below. 

FuUer’s Enle for Estimating Ingredients.»~A praietieal rul(‘ has 
been devised by William H. Fidler vvh(‘r(d)y nriiu- tlu‘ proportions of 
in^ 4 ’redi(uits have be(‘n tix(‘d th(‘ (iuaiitity of mat(‘rial for a eertain 
work may be* obtained. Sonu‘ years aejo Mr. Fulhu’ made a study oh 
(lie amounts of eenumt, sand and stom* that ha<l laum (hdivuuaal on a 
junnbtu* of piee(‘s of work and mt'asurcal up th(‘ eoner(‘l(‘ madt‘ with 
these niat(‘rials. From this sludy lu‘ (‘volvcal a ruh‘ lit teal to th(» 
barrel eontaining 3.8 eu. ft.» whieh is ealled FullrNs HhIv for Quan¬ 
tities, and is as follows: 

Divide 11 hji the sum of the parts (hp volume) of all the inpre- 
dients; the (ptotient is tlu^ numlier of barrels of Portland eemenl 
required per eid>ie pard of eonerete, Multiplping this bp the number of 
parts of sand and of stone will pive the number of t>arrels of eaeh. 
To reduee tairrels to eulde iptrds, multiptp l>p 0,11 (sinve a barrel 
tains d.S en, ft, and there are :JT eu, ft, in a eubie i/ard). This rule 
may bcM»xpressed in miithcMuatieal synd)ols as l‘<dh»ws: 

Let (*" numiHu-(»r parts of eemeut in mixture (usually 1). 

H : ’ murdier (d’ parts nf sand, 

g numb(*r of parts of eravc^l nr broken slonc*. 

(’ num!>er of barrels of IbullamI eennad re(juir{‘<l for I (mi. yd. of 
ec»neretc‘. 

S numlHu* of cMd)i<* yards ol' sand riapiired lor 1 <m. yd. (smerete. 

Cl tuimlMT of eulfn* yards of «irav<‘l m* st<»ne rcHpiinal for 1 c*u. yd. 

of e<»nen*t(». 

Then (■ 

I « I K 

,, :i..H 

S C H 

:lh 

Cl C‘c 

If the broken stone is of uuiforndy larRe size, with no nmaller sttme 
in it* the Vf»iclH will be i^riaiter than if tlu‘ sttuie wt‘rc‘ i^raded. Therefenv, 
fnim 5 to lb per rent Hliould be luhlcHl to (*aeh valut* found Ijy the 
preeciding formulas, 

p/e, —Slippot4i* we wish to mix a eonc»rete in the proport icm 
1:2:4, what will be (a) tlie ntunber <if barrels cif eemeut, (b) the 
number t»f eubie yards of sand, and (e) the number of eulne yards of 
stone recfuired for 1 eu. yd. of eonerete! Them 

1 2 •"'I'* 4 ■ ■ /, 

11 7" l.fi? barrels eemeut requircai per eu, yd. of eom»refe. 

2 X ^•*^**^ X CbI4(K44 em yds. Hand recjuired per etu yd. of eomu’etex 
4 X Tf)? X ^bLLv. tl.HH eu. yds, stone riafuired per eu. yd. of eonerete*. 

Fuller’s Rule may be m(Hlifk«I to fit the bay* cd’ eemeut instead <d’ 
tlie barrel as stnteil iibo\e. In sueh ease, the autlnu’ would Mi^^i^eht 
the folltuvinir approximate rule: 
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Add together the numher of parts of each material and divide 40 
hy the sum. The quotient loill he the numher of hags of cement 
required for 1 cu. yd. of concrete. In the shape of a formula the rule 
appears as follows: 



c -f- s + g 


in which b==bags of cement per cubic yard of concrete. 
e== parts of cement in mixture (usually 1). 
s = parts of sand in mixture. 
g = parts of stone (or gravel) in mixture. 

Take, for example, a 1:2:4 mixture, which means that for 1 cu. ft. 
(1 bag) of cement (see page 151) there will be used 2 cu. ft. of sand 
and 4 cu. ft. of broken stone or gravel. Adding, 1 + 2 -|- 4 == 7 and 
40 / 7 = 5.71 bags of cement per cubic yard of concrete, or about 1.43 
barrels of cement per cubic yard, as against 1.57 given by Fuller’s Rule. 
The sand equals 5.71X2=11.42 cu. ft., or 11.42/27=0.42 cu. yd. 
of sand, as against 0.44 given by Fuller’s Rule. The stone equals 
5.71X4 = 22.cS4 cu. ft., or 22.84/27 = 0.84 cu. yd. of stone, as 
against 0.88 given by Fuller’s Rule. 

Grillette’s Formula. —A very rational and satisfaciory formula 
to govern the proportioning of cement is that devised by Mr. H. P. 
Gillette. The formula is as follows: 

N= __ 

p + ns (1.1 - O.Ov) + ng (1 - O.OV) 

in which 

N = number barrels cement required per cu. yd. of concrete, 
p = number cu. ft. cement paste per baiTcl as determined by actual test, 
n = number cu. ft. cement per barrel. 
s = parts of sand by volume to one part of cement. 
g = parts of gravel or broken stone (by volume) to one part cement. 
v = percentage of voids in the dry sand, as determined by lost. 

V = percentage of voids in the gravel or stone, as determined by test. 

Figures obtained by using this formula compare vciy favorably 
with those obtained in actual test. For tlie derivation of this formula, 
see Gillette and PlilPs Concrete Construction, Methods and Cost,’^ 
pagH3 36, edition 1908. 

Art. 15. Mixing Concrete 

Concrete mixing is as important as the choice of the aggregates. 
It is seemingly so simple an operation that it is often neglected by the 
inspector, and poor workmanship escapes detection. The principal 
reason for this is the fact that making concrete has been looked 
upon as simply so much labor, whereas much skill, only to be acquired 
by experience, is necessary to secure the best results in mixing. Con¬ 
crete will bear many abuses and still be good stuff, but its strength 
depends in some degree on proper mixing. 

Hand vs. Machine Mixing. —Concrete may be mixed either by 
hand or by machines, depending upon the volume of concrete to be 
mixed and the relative cost of the two methods, both of which, if 
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properly applied^ ^iv(‘ about (lie siun(‘ ^rade of eonereto. However, 
(he work done by liaiul is likely to be uu(‘ven in (luaiity, and some 
balelies will b(‘ more (horouu'hly mixed tluui others. ()u (lie other 
hand, (Ik‘ work done by a maehino is (‘vim and ref»'ular, and imudiine- 
mixed I'onertde is usually ol‘ mori' unilorm (juality than tba( mix(‘d 
by haiub and is .a’enerally U‘ss expensive than hand-mixml eonercde. 
The dinieidly wi(li iiand mixinijr is to the work doiu^ properly, 
and should b(‘ employcal only whim (he (luantity is small or when 
inaehimu-y is unoblainalile. 

GENEEAL EEQUIEEMENTS 

The mixing o(‘ the eoneride should be don(‘ as rapidly as possible. 
Conertde should not be mixed in larger (luanliiies than is reipiired 
for imnualiate use. 

Methods of Mixing.---(Amende may be mixed by hand (see 
page 17(5) or by maehinery (see page 1(57). The method employed 
is immaterial, provided (he produet is a homogcmeous mass of tlu' 
reiiuired Uniterm eoiisisteney, eoidaining the propm* proper!ion of 
cement ami aggregate. In eitluu’ easi*, however, tlie methods and 
manner of mixing slumld he* Hatisfaciory (o the engineer and subject 
at all stages to his approval. 

The riilt*H ami the praetice governing the mixing vary as widely 
as the proportion of the ingredients (see page 177). Some con» 
tractors mix tin* materials <lry till a uniform color and appearance 
are secured before the water is added. Others put in the malarial 
and the water at onci*. FJthc'r way will produet* good rt‘sults excc*pt 
for hand mixing, vvluTe (he mixing of tin* ma((*rials in tlie dry state 
is the general practice. It may bt^ stated, in gt*neral, that if toO 
much time is m»t coiHumetl in the mixing, a good rt*Huli can be 
obtained in any of the many ways practiced as described elsewhere, 
if only lilt* mixing is thtu’ougli. 

Car© or Thoroughness in Mixing.—Whatever may be tlie propor¬ 
tions clmsen, tin* valm* tif the concrete will materially depend upon 
the timronghness of mixing. The kiml of mixing retpiired to make 
supt*rior concrete involvt*K Homtdhing nmre than running the ingre- 
tlicnts througli a mi*chiinical mixt*r, anti Homt'thing nmre tliiui shoveling 
ftir a given pt*riod cif tirm* in liaml mixing. As the stiarngth of the 
concrete* is very largely dependent upon the thoroughmws tif mixing, 
rrmeli eart* is nt*i‘de<l in this part of tlie wtirk. In praetice it is fre- 
cpiently c!it*aper to use more cement or eonerete ami less lahtir, but 
for reinforced work no substitute can bt* iicct*ptt*d for tht^ most 
tliorough mixing of the ingreilients. The eontraetor Hlitmbl be re- 
quiretl to excrciHi* great eare witli the mixing of eonerete nml see that 
it is tliortuighly niixetl anti not alltiwed tt» Ituik raw w'hen deposited in 
tlie forms. 

Tck» little iitteiitlon is given by some t<i tlie mixing of eonerete. 
If is a iriaffer of priiiiiiry imptirfiince and Hhould la^ ctmsidt‘retl aeeortl- 
irigly, Kt» malti‘r Imw snltabh* for flie purpose the* maleriiils may ht% 
itmuflititni mirimj will rewilt in infarwr mnvrete. Only the tdher day 
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the author asked an eng’ineer, who lias had a very wide expeiienci 
what he considered the most important thing in making good eoi 
Crete. He said, Watch your mix.^’ Everybody who knows how littl 
attention is frequently paid to thorough mixing of concrete and wit 
what haste the work is done, will understand that poor concrete is 
very common cause of failure. The work is often done automatically 
crushed stone, gravel, sand and cement are fed into the mixer in th 
desired proportions from individual hoppers. Unless the supervisio 
is very severe in such a ease, it may happen tliat one of the hoppei 
chokes and the material flows less freely, thus entirely changing th 
proportions of the concrete. Such unintentional mistakes ampl 
suffice to bring about disaster; but if to these intentional carelessnes 
is added and the concrete is weakened willfully hardly anything bn 
failure can be the result. 

Thorough mixing is essential in order to produce a coherent an 
uniform concrete; the leaner and dryer the mixture, the more mixin 
is required. The mixing must continue until all parts are thorough! 
incorporated in the mixture and all stones covered with mortar. Tli 
concrete will then be of uniform consistency and color, and i 
sufficient water only is used there will be no precipitation of th 
heavier particles in the bin or in the wheelbarrows. If the color o 
the mass is not absolutely uniform—that is, if uncoated particles o 
sand or stone are visible; if masses of stones are sepai‘ai,ed fror 
the mortar; or if some portions of the mortar are drier than others 
the mixing has not been thorough. This separation is much mor 
likely to take place if perfectly clean sand is used, especially if tli 
grains are round, and lake or river sand does, therefore, require les 
water and more care in mixing than bank sand containing a sligh 
amount of clay. All mixing must continue until the materials ar 
thoroughly mixed. The analogy with paint mixing is quite pertineni 
Most of us know the difference between paint when the diy pigment i 
simply stirred into the vehicle and when it is ground into the oil. Ii 
the case of concrete the aggregate represents the pigment and the veliiel 
is the most cement. (See page 379.) 

Inspector’s Supervision. —Concrete sliould invariably be mixed h 
the presence of an inspector, and the contractor should be requires 
to notify the engineer in advance when mixing is to be done. Con 
Crete mixed in the absence of the inspector should be subject t< 
rejection at the will of the engineer. Any time the inspector see 
any of it slighted he should reject it at once, or have it mixed over 

Inspection of Mixing. —A competent inspector (or foreman 
should be in constant attendance to give his ap]n‘oval of evem 
batch of concrete before it is used. The inspector should satisfy 
himself that the proper proportions of cement, sand, and brokei 
stone or gravel are used, checking from day to day or from time ti 
time with the total amount of each which is received and used. Th< 
greatest precaution and vigilance must be exercised continuously 
'as to be sure beyond any doubt that not less than the speeifist 
amount of cement goes into each batch of concrete. A fheck system i 
absolutely necessary in this matter (see page 158 ). The inspeeto: 
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should const ant ly watcli the j»'(‘neral appearance of the mixe<l eou- 
ci'cte as it is placed into the vvhet‘lharrovvs or cars, to see wludlier 
ih(‘ proper prop(u*tions have ht‘en us(‘d. He should immediately iuves- 
ti.aat(^ any indications tendin.u' to show that the proper proportions 
have not heem usial. Th(‘ man in charge of the mix(‘r should also 
o])serve the dry batch and si‘e that the cement, has not been ovex'- 
l()ok(‘d. 

In these days of machine mixin.i^ too littl(‘ attention is ,si:iven to 
th(‘ rie’orous insp<‘ction (d‘ the proc(‘ss. On a lar^e piece of work the 
system used in tlie mixin^^^ of the conc.i'ete was such that the sand was 
ihrovvti in by one mant the broken stout* !)y another and llie cement 
by a third; the latter btdii^^ called away from his post failed to 
pt‘rform his part, but during the interval the sand and stone went in 
with I’hythmic precisitm. U is obvious what the etTect of these 
bat.cht's of concrete wtudd be and ht»w fatally tht*y would afTect the 
stren^dh of an important part of the structure. In another case the 
c(‘m(‘nt, sand and stotie were tVd automatically from hoppers so 
adjust(*d ns to i^ive the* x’eijuisite proportion. At the time of this 
insp(‘(dion the c(‘m(»xit hopper lunl chokt‘d, but the sand and stone W(*re 
ilowini^ on and tin* ope*ratt)r who was totally unaware of th<‘ fact, 
r(‘marked, when his at tend ion was called to it, that he thou|i:ht the 
concrete looked rather pc'culiar. 

On a ceilain pi«»ce of work a batch of concrete was made and 
l)tdn|ic depositt*d wlien the inspector noticed that it lookt*d ^0>tf color. 
On examinathm it was ftmnd the workmen at the mixer had 
to put in the ei'inent. An aeei<h‘nt eould he the only result if a 
Ijateli of such eonerc‘tt» sluudd fiud its way into a beam or column. 
It must lU'ver be forji^otteu that a Imtch of concri*t<^ without cemetxi 
which y:o<‘.H int(» a .uirdtu* c»r column will result in the failure of that 
unmiher and possibly thc» failure cjf the builditi^^. In masHive concrete 
work a laitch willamt cement will not endanirer the stability of the 
htrmdure, but in cohimn and lloor W(»rk in buildings it is emdaitt 
disaster. It in also <|uite ccminum for a laborer to throw out one-thxrd 
or more (»f hard, Imnpy eement without compensating for it. This 
<loeH not make ho much ditTert'uce in mass work, bttt in lltin wttrk it 
is, of course, vital. !b*oper inspeetion (or foremanslup) at the mixer 
is, therefc»rc% luglily imptuiant, and a cement man who realizes the 
respousilulity of Ids task is e(|Uiilly impeniant. 

Axxotlier reas*m for having an addithmal inspeclcm on tlie mixer 
is that, as ii rule, matt*rial is more or less superficially inspected by 
ttte exigiueer or inspector by gedng over the top of a car or barge and 
digfzing up a few p<a*kets here lunl tliere. Both saml ami gravel, 
however, fretfueiitly coutaixi layers of mud near the Imfloxn, which 
the adilitioniil inspector on the ndxer wouhl be able to see axul 
eotidemn. 

Ihtritig the xidxing of the concrete the inspector Hhouhl (1) count 
tiie hags of reitienl (see page IfiH); (2) see that the meaHurements 
an» extu’t (see Art. 14); (2) see fliat the xtdxer runs long emough; 
(41 see that the amount of water is so x*egulateil as to produce the 
tlesired consistency or fluidity (see pages IHil anti Ufi); {n) see that 
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no foreign substances such as wooden blocks, chips, etc., have fon; 
their, way into the mixture; (6) see that lumps of hard ceme 
are compensated for with good cement (see page 1G5) ; (7) see tb 
the proper proportions have been used as mentioned above; (8) s 
that the concrete is thoroughly mixed—that is, uniform: that it h 
not balled in the mixer, etc.; (9) see that the mixer is clean befc 
starting (see page 173); (10) see that the materials are runni 
uniform, regular in size, and not mixed with dirt, no single whe.' 
barrows composed entirely of large stones or of small stones, et 
and (11) see that proper care is taken in dumping the concrete 
place (see Art. 25). 

In other words, whether concrete is mixed by hand or 
machinery, the inspection should be careful and continuous. T 
above eleven points should invariably be insisted upon at all tim 
Particular attention must be directed to the measuring of t 
materials, their thorough mixing, and the regulating of the amor 
of water so as to produce the desired consistency. 

Engineer’s Directions. —The greatest care must be taken to n 
thoroughly all concrete so as to obtain the very best results. T 
engineer's directions must be implicitly followed at all times in tl 
respect, and the engineer should feel at liberty to vary his directic 
from time to time as the work progresses, so as to insure the acco 
plishment of this object; and the contractor must forthwith cai 
such instructions to be obeyed. 

''Dry” and "Wet” Concrete. —Concrete should be used ^'we 
wherever practicable and "dry” only when the nature of the wc 
renders such use unavoidable. The consistency of the concrete shoi 
be as required by the engineer. For the consistency of concrete j 
. various structures, see page 187, and for a consideration of the pr 
ciples to be observed in determining whether to use a wet or a c 
concrete, see page 188. 

Wetting Stone and Gravel. —The aggregate should be wet befc 
being mixed with the other ingredients, especially in the drier m 
tures and in hand-mixed work, and particularly when the aggregj 
is porous and absorbent. This wetting of the aggregate in the p 
allows it time to absorb water that might otherwise be robbed fn 
the cement or the concrete if the aggregate is not wet previous 
mixing. In other words, if the aggregate is porous it should 
drenched before beginning to mix the eoncrele, as otherwise i 
aggregate, by absorbing the water employed in mixing, may rob 1 
cement of the water required in setting, and thus ruin the conere 
This precaution is especially important in hot weather, as the sa 
and stone must be kept wet in order to reduce the time of initial 
to as near the normal as possible (see Art. 32). Obviously, t 
precaution is also very important with dry mixtures. The aggreg; 
should not be drenched in the vehicles used to deliver it upon 1 
:platfqrm or to the mixer, unless proper arrangements are made 
; drain the receptacles, but should be wetted before they are pla< 
therein. Stone and gravel should contain no loose water in the he 
when added to the mortar in the proper proportion. (See p. 34 
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Use of Lumpy Cement.— When used in the work, the cement must 
be tree from lunii)s and partially set cement. If the cement becomes 
lumpy before being used it may be thoroughly pulveriyied before 
mixing with sand. Hard lumps must be thrown out and replaced by 
good eememt. 

It. sometimes happens that cement tliat has been stored for some 
time, particularly that which has been in the bags at the bottom of 
high tiers, comes to tlie job with lumps in it, of varying size. These 
should be carefully reduced, either by hand or with an apparatus 
manufactured for that purpose, belore the cement is used. Lumps 
which cannot be broken up with a light blow of the shovel should be 
pick(‘d out, and any cement that has caked so as, in the oj^inion of 
the cuigiiKHW, to be injur(‘d, should be rejected and immediately 
removed from the neighborhood of the site, in order to avoid ail 
possibility of its being used on the work. 

Cement containing any appreciable amount of hardened lumps is 
generally of <leci(ledly inferior (puility, and it should never be per¬ 
mitted to enter any important part of a structure. (See Art. 3, 
page 21).) 

Failure to Mix Concrete Properly.— Failure to mix concrete to 
the recjuired consistency sliould be Hutlicient cause for immediate 
stopping of all work pertaining to the operation in question. Lumps 
of cement that pass through the mixing process without being broken 
up render the concrete* unfit for use, and the !)atch should be rejected. 

Size of Batch.—The volunu' of concrete made at one mixing is 
called a ^^!)atcii.^^ The size of the batch should bo determined 
mainly by the rapidity with which the conendt*, can be d(‘posited. 
(k>ncrete should not be mixed in larger (piantities than arc reciuired 
for immediate use (generally one barn*! of eement at a time), as the 
temptation is too great to use it, if mixed, even though the initial 
set has bc*gmi. In other words, it sliould not be allowed to lie, and 
then be r(‘mixed with water and us(*d. With some cements, concrete 
used witliin l\A hours is all right, but with most, 20 to 30 minutes 
is about the limit (sea page 43). The nue of the batch should not bo 
tfreatcr than can t)C deposited within one-half (Vi) hour from the time 
it is mixed. Two bags of cement with the proper quantity of sand 
and broken stone or gravel is suitable for a small batch. 

Dirt to Be Kept Out of Concrete.— At all stages of the work, 
concrete and mortar must be kc*pt free from dirt of all kinds, and, if 
unavoidably mixc*d with dirt, should be removed and replaced to the 
satisfaction of the engineer. The inspector should see that no 
blocks of wood, chips, shavings, lumps of mud or clay, paper from 
sacks, icc, lumps of hard cement, etc., have found their way itito the 
!nixture. All concrete mast be free from dirt or any foreiyn material. 
In this connection, liowever, donh. make the contractor pick out every 
piece of string, twig or leaf which you hapfien to see going through 
the mixer, Fsa .some common sense. 

Mixing Coloring Matter.— In using coloring matter with concrete, 
the color should always l)c* mixed with the eement dry, before any 
sand or water is added. This mixing must be thorough, so that the 
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mixture is uniform in (*oIor. After this mixiuir tin* comhiimtiou 
should be treated in the same manner as oniinary eement. (See 
Art, 42, page 395.) 

Amount or Quantity of Water Eequired. Tht^ <’onei"t*tt\ exeept 
where retjuired by the ('nginecu’ to b<» (h*posittMi dj'\\ should be mixed 
with a quantity of water whieh will produee a mixture of satisfae- 
tory consistency of the wetncxss r(‘([uire(h For tlie aimumt of water 
to bo used, and other considerations, set^ page* HKl 

Remixing.— When the concrete has io l»e transported a long dis¬ 
tance in ears, and the water has separattsl from the solii! matter, 
the concrete should be remixtal before being placed in the forms. 
That is to say, eonende whieh may become compacted t»r seirregated 
during transportation should be satisfaetorily remix«*d before being 
placed in the forms (see page 2H9). 

Retempering.— The retempering of ctmerete wldeh has begun to 
set before placing is a point over whieh tliere is mucli dilTerenee of 
opinion. The author is of the opinion that as a genera! rule eiuierete 
cannot bo retempered proptudy exeept in small quniilifies for Iiibone 
tory teats. Reterapering—i. e., remixing witlt water maken Hie eon 
Crete slower setting and reduces tlie strength of adlieHiuu, tliin 
reduction being as much as 50 per cent. The aiillior Inis eb^efued 
that in some eases Portland cement concrete ii|i|M*!ireil to siilTer lift It* 
loss of strength by standing two liotirs after mixing iiiitl tlieii 
retempering. 

If the cement of the concrete has attained its initial set ■■-tlint is, 
if the concrete has commenced to banlen-u'etiiixitig with wuiter, or 
retempering of concrete, as it is called, should not, ns u general 
rule, be allowed; and if concrete treated in this iniiiitier lias hmnt 
deposited in the forms, it should be takim out tiiid reiiio\ei| from 
tluB site of the operation. In other words, nitirlnr, grout or ronerete 
which has been allowed to stand until iiiitifil set liiw tiikeit ptiiee, 
should not be used, unless !>y speciii! permission of the eiigiiieer, 
who may, at his discretion, ref|itirc litiditionnl eetiieiil to In* tilled iii 
retempering. Some engineers |a»rmit the reteiiitiertiig of eiiiirre|«* fi»r 
mass work where the set is not so hiird m to rei|tiire a pirk. pniviiied 
the practice is not habitual In this coiitieefioti, wee piige 

Pailure to Place Concrete before cf»tierefe he 

used after it has begtin to set {unless retettiinning Im uilinvrtl by tin* 
engineer as statcnl above); wlum wdtiiig conimeticen, tlic itiiitcriiil ilitw 
injured should be immediately wasted. If in flie ofiiiiliiii nf flie 
engineer the contractor fails to take due precttiitinti 
injury, he should charge to tin* confriictor and d«‘dtiet from tlir* 
estimate the vidue of the cement in the materiftl. 

Freezing Weather,— roncrete shottld not lie itiked itf a 
temperature unless special precatitiorw are tnkini t« avoid the it^e nf 
materialH containing frost (see Art. 33), The atiiiititif of wiitrr 
should be decreased when weatlmr 1*4 cool or freerJinr, 

Wet Weather.— Toncrete should not bn iiuide mdieri niiti 
falling on it. 

Hot Weather.—" Tn hot weather, the sfiint niiil t^riivel, or linikcti 
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to as near (lu‘ normal as possihl(‘. If nta'ossai'y, llu‘ sand and briken 
stone or i^’ravid pil(‘s shonld !h‘ proUadial Irom tlu‘ sum (Sen Art. d'J.) 

Test for Proper Mixing of Concrete, To (UMormine th ‘ propor¬ 
tions ol’ inudi iugrodiimt in eon<‘rett% take' samples I’rom difierimi 
parts of the baUdi sunt pla<*o (andi in a (all eylimhn’ or (id)t‘; 

add vvattn- until mairly i‘ull; sliaki\ and allow tin* eonttads to s(‘tlli‘. 
The broken sfoiu* or fj:rav(‘h sand and e(munii will sidtle in ills- 
tinetiv(‘ laym's, th(‘ <lepth <d' wlTadi is proportional to tlu‘ anaaint 
of matcu’ial pn'simt in tin* sanipltn In this way it is possible to ttdl if 
(lie materials are tapially distributed in th(‘ mass of eonendm 

Test Cubes of Concrete. It is well to mold a small eube of eou- 
erete from tin* batch o(*(*asionally. 'rb(‘S(‘ eula^s will b<' uscd’ul in 
gaugiuf^: the kind of (amende turmal out, espeeialls' iu nuuddue mixiue, 
and by the time nMptinHl for tlami to s(d. tin* bardiu^ss ol' tin* work 
may be judired. Wbcm <'oner(dt‘ is plaeed in luiusnal eondilioiis. sueb 
a sample placanl in the saiiu* eoudiliou and ac*(*(*ssibb* for iuspeedion 
furuislH‘H an index to tlu' cdianndcu' of tiH‘ t)laee(l eomu’ete. In this 
eoiimadion, see pa^(\s 248 and 208. 

MACIIIHE MIXING 

Wlunanan* tin* aimmnt td’ work to hr done* is sidlieient to justify 
it, and for all work exeetMlim*’ rAO eti. yds. (d’ (‘onend(% approved 
tnixin^ maehin(‘s shoidd la* UHtah The mannc*r td‘ inixinix vurii's 
with tin* typi* of nmehim*. 

If the work is on a lar^e seah* a mixeu’ haviiii': a eapaeity cd 
thret'donrths (d’ a t'uhie yard with a hoisthu(d<. (d' om* <mhie yard 
will ttirn out 17A en. yds, pm* day, vvdiieh is a day’s work for 

om* i^anii: to aeeomplish ,uchhI residts. 

General Ok«siftcation of Concrete Mixers, (’onendt* mixin^r 
machines may In* dividmi int(» two |.nm(‘inl eluss* s, ll) tin* hattdi 
mi\t*r and f2) tln^ eotdinnouM mixer. It is impossible io separalt' 
tiu'se tw(» elitHses \ery diHlinetly, In'eaiise many of the maehiueH ant 
adaptinl either ecndinmniH or Imteh mixing, 

hi the butt'h mij't't snllieiimt materials are proportiom*d to make* a 
eoiivetdenl ni/ed **ba{eh^’ of eoneixde for I In* mixer. Tln^v are then 
(diari»(n! into the macdiiiH* at one«% iriven a etndain amount (d’ mixirn^, 
and tlnm dis(diar* 4 'etl jd om»e. The hateli of eoneiidt* may he* mi\<*d 
either by meiuw of movite^^ piiddlen or blades, (»r Ij\ the redation of* 
the reeeplitele itsidf, in wliieh are aenernlly placed thdlecdors fo aid 
in the rnixine. Iliiteh mixers take* a siiiyh* <diarye of matmaals, 
which on bcinvT diMdiarto'd reeei\e iinotlHU* cdinr*'r(‘. and so cm. 'Fhey 
may In* of the tiltiuLT or mm liltiir^r fyp(»s. In tiUlmj ma«dnjH*s 
tin* coiieieti* is discdiarxfed by niisinif (ua* end td’ the dtnm and caU'^ine 
the iiiixlure !<» Ilow oid liy ijravity. In non iiUhnj nii\(*rs, steel 
def!t*ct(*rH lire pro\ idnl in the drimm. which plow and piidv up the 
Imtcli as I lie drum rc\(dveK. The batch is disclinrecfl !>y means (d' a 
eliuti* so lilted lliiit one imd projects iid(» tli(( fnlxanx receivinit tin* 
maferiais picketl up by the didlecdors and thnn allowimr them t(» 
run out. 
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In a continuous mixer the raw material is fed CDutiuuously into 
the machine at one end, and the mixed concrete is delivered con¬ 
tinuously from the other end, more or less adequate provision heiiie; 
made for maintaining the proper proportions of materials. The con¬ 
tinuous mixer usually consists of a central shaft to which are 
attached arms or paddles, rotating in a long trough. The ])ad(lles 
are set at such an angle that they have an endless screw action, 
cutting and pushing the materials down toward the lower end of 
the trough, out of which a continuous stream of concrete flows. The 
materials are dumped on a platform and, after being properly ])ro- 
portioned, are delivered gradually to the mixer, and if fed uniformly 
the concrete is discharged continuously by the machine. Continuous 
mixers give a continuous delivery and require a continuous feed. 
They are usually fed by shovelfuls. 

The gravity mixer is a type of continuous mixer into which the 
material is introduced at the top and is mixed by striking various 
obstructions or deflectors in its descent (see page 175). 

Classification of Batch Mixers. —The following classification of 
batch mixers is made by Mr. Clarence Coleman: ^ 

(1) Revolving drum or cylinder with horizontal axis, with de¬ 
flectors, receiving and discharging without stopping; concrete visibhu 

(2) Revolving drum formed with two cones, with horizontal axis, 
deflectors, receiving and discharging without stopping; concrete 
visible. 

(3) Revolving circular pan or trough, vertical axis, frame with 
radial arms, receiving and discharging without stopping; concretes 
visible. 

(4) Horizontal revolving cylinder, mixes by revolving about 
axis, stops to receive and discharge; concrete visible. 

(5) Horizontal trough, semi-cylindrical cross-section, longitudinal 
shaft carrying blades which mix the material and feed it toward llu‘ 
discharge end, receiving and discharging without stopping; cone rede 
visible. 

(6) Cubical box revolving about horizontal axis passing through 
two diagonally opposite corners, door at one side, stops to receive and 
discharge; concrete not visible. 

(7) Same as above, except with corners through which axis 
passes cut away, tilts to discharge, receives and discliarges without 
stopping; concrete visible. 

Classification of Continuous Mixers. —The following classification 
of continuous mixers is made by Mr. Clarence Coleman if 

(1) Inclined chute fitted with pins, material slides down by 
gravity; concrete visible. 

(2) Series of funnels placed one above another, containing baffles, 
concrete falls by gravity; invisible for most part. 

(3) Long inclined box of square section, revolving on horizontal 
axis; concrete practically invisible. 

* Engineerinp Neivs, Vol. 50, papo 187. Aiijojnst 27, 1003. 

t Engineering News, Vol. 50, page 188, August 27, 1003. 
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(4) Like (B), except being cylindrical, with deflectors; concrete 
practically invisibU‘. 

(5) Open trougii or closed cylinder, fitted with shaft on which 
are paddles or blailes which mix and feed concrete toward discharge 
end; concrete visible. 

Requirements for Effective Concrete Mixers. —The machine must 
mix the concrete thoroughly so that all of the aggregates shall be 
coated with a film of ccuiumt, and (he mixture shall contain a minimum 
of cement in excess of that which is actually recpiired to coat the 
partich‘S. The mixer must transfer the materials from one part of 
the machiiie to anotluu’ so that in whatever order they are introduced 
the product will be hoiiiogeneous. 

(’are should be exercised iu the selection of a mixer. Certain 
mixcu’s that operate well on wet concrete are ineffectual when a drier 
concnde is tised. 

(’cuncmt Ixdug the costly (dement of concrete, it is of the greatest 
importance that uo more than the proper atuount should b(‘ used, and 
it would h(‘ poor practice to attempt to cover the imperfections of a 
concrete' mixeu' l)y using an (‘xc(‘hs of cement. 

The mixer should provide* for se^parate dry and w(‘t mixing, the 
cement, sand and figgj’e*gal(‘ hedng first Ttiixe‘d thoroughly while dry, 
the wate‘r being the‘n add(‘d in just sulllcient quantity to make a mix¬ 
ture* of the clesirc'd consistenc'y. 

If a mixer of the continuems deliveu'y type is usc'd the length of 
the (rough sfiould permit a number of turns eqtiivalemt to at least 
twemty pen* hnlclu or shoidd la* so arranged that the* mass can be held 
in place* until it recc‘ive'H such turning. 

The dcteu'rnination of the' prof»er amount of water can he arrived 
at only througli good judgment after visual iuspeciion, as the 
liygrometric eonditicue of the sand is a variable*, as well as many other 
(MUiditioUH, as metilioned cm page H)B. IIe*rice, during the (*utire pro- 
ce*ss of mixing, the rniiHS of materials should be plainly visible to the 
pc*rHou mdio aelmlniH|e*rs the wate'r. The amount of water sliould be 
perfectly under control in mixing and should appe*ar iu such eiuan- 
tity ns may he desire'd. The ttiixer should also provide for the 
addition ed’ the w'ltfer in a fine spray. 

One reason that accoimtH for (he disrepute into wliich many 
machine mixers have heetj hronght is that tlie waien* regulation is 
clefeetive. The arnenint e)f water should be automatically re*gulate»d 
in all mixing machines, and it should l)e out of tlie control of the so- 
called **water tender.^^ It is possihle with a definite gauge to give a 
tmiform efuantity e»f water for taich batch, or if eh*Hir(al, to vary the 
(plantity as reeiuirecl. A float can be arrange'd to shut off the water 
automatically or to indicate tin* level on n gauge. 

A machine that will comply with the above conditions with a 
minimum time factor may ba classcHl as a thorough concre'te mixer. 
A miicliine that fails hi any of the reeiuirernents stated, is imperfect 
in direct propeirtion to the value of the rc*eiuir(‘ment and the degree of 
tlie failure*. 

Home macliincs produe*e gisnl concrete, while* otln'i’s produce* had 
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concrete. If a poor machine is made to produce good concrete 
through taking sufficient care in the manipulation, then the credit 
is due to the manipulation. For instance, a shovel is one of the 
most perfect mixing machines, but the manipulation required is 
intense. The best machine for practical work is tliat which will 
produce good concrete in large quantities with the least time and 
manipulation. 

Batch vs. Continuous Mixers. —All the types of machines have 
their advocates. A good result can be obtained by any one of them, 
provided the mixing is thorough. While good results may be secured 
by either type, the correct proportions are more readily secured in 
the batch mixer, and this is generally to be preferred, especially for 
small plants where supervision is likely to be inadequate. With batch 
mixers, each batch is certain to contain the exact proportions called 
for and to receive the right amount of turning. For reinforced 
concrete it has been conceded that batch mixing is preferable. In 
other words, continuous mixers should be avoided for reinforced 
concrete work. Many specidcations prohibit the use of continuous 
mixers. A batch mixer mixes thoroughly all the ingredients of a 
batch, and it can be kept running continuously if the material is 
not wanted just at the time it is mixed, whereas a continuous mixer 
has to be stopped, since it will not continue to mix the same material. 

In eases of very heavy construction, such as breakwaters, sea walls, 
dams, locks, foundations, etc., continuous mixers are used to advan¬ 
tage. Continuous mixing is cheaper and more rapid than batch 
mixing. There are a number of constant delivery, or continuous, 
mixers that can be safely used, provided a constant watch is kept on 
the cement feed. This is the most important and the one that gives 
the most trouble (see page 174). 

Type of Mixer—^Approval. —The contractor should notify the engi¬ 
neer of the style of mixer proposed to be used, and the engineer 
approval of same should be obtained before mixing is begun. That 
is to say, the type of mixer to be used must be approved by the 
owner, or city, or its engineer, who shall also control as to the method 
of feeding materials to the machine. The mixer shonld be erected 
and operated in such a manner that the charging, mixing, discharging 
and regulation of the material is uniform, efficient and certain. It 
should feed the ingredients in their proper proportions at all times. 
If at any time the mixer fails to perform the mixing in a satisfactory 
manner, it must be repaired or removed and another machine substi¬ 
tuted. 

Batch Mixer. —A batch mixer in which the materials are charged, 
mixed and discharged in batch units (see page 168) should be given 
preference at all times for reinforced concrete work. The machinery 
should consist in part of a box or receptacle in which a definite 
volume of water, cement, sand and broken stone or gravel—not 
exceeding a total of, say, 2 eu. yds. in any one batch—may be placed 
and there mixed by stirring or revolving for an indefinite length of 
time. The process of charging the machine and mixing the concrete 
shonld be conducted in accordance with instructions of the engineer. 
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Testing Batch Mixer, —The mixer should be tested, and the batch 
of conerete ol‘ tlie size that will give the best results should be used. 

Charging Batch Mixer.— The ingredients should be placed in the 
macdiiue in a dry slate and in the volumes specified, after which clean 
water should be added and the mixing continued until the wet mixture 
is tlu)n)ugii and ilie mass unironn, every particle of stone or gravel 
being completely coated with mortar. That is to say, in mixing the 
ingnalienls the particles composing a batch should come in such con¬ 
tact with (uie anotluu* as will insure the most perfect and caiual 
distribution of the cement throughout the entire mass. Batch machine 
mixing btdng tlie most sat is factory method of mixing concrete, very 
little fear need he entertained as to the thoroughness of the mix if 
the ingn'dients are all measunul for each batch. 

Tlu^ proper mtmsures of ingredients should preferably be emptied 
into the charging box in the following ordcu*: First, sand; second, 
ctanent; tliird, broken stone or gravel; fonrtli, water, the water being 
HO regulated as to produce a concrete of the (Uminul consistency. 
Howt'ver, in a l)atch mix(‘r it docs not make any practical difterenee 
as to th(* ordcn* in which the material is entered, except that tlie 
water should he last. In oth(‘r words, it is better to mix the materials 
in a dry state at first and then gradually add tlu^ water in a spray 
and colitinu(* the mixing. Care must be taken to run each batch* 
till it is (horouglily mixt‘d dry Ixd’ore bc^ginning to wet up. 

Tin* amount of water to lie ustul should be left to a competent man 
in charge of thc» mixer, ladng largely a matter of judgment, as men- 
lioiHMl on page Ifl.'k Tlu' (plantIty of water should he regulated accord¬ 
ing to tlu' app<*anincc of the concret(‘ after placing, (hire should be 
(‘xercised in adding water to olitain tlu* proptu* consist(»ncy. Even if 
tlu‘ materials were all supplied under exactly the same uniform 
('onditituis, tlu^ same volunu* of water would not produce from each 
Initch a ('oncret<‘ of uniform consistency, bcnniuse as the concrete is 
laid the water works up through from one layer to the n(‘xt, so that 
more wat(*r may lie necessary early in the morning than later in the 
(lay. Tliiit in to say, the walcn* will rise to the surface through 
HUccesHivc^ layers, ho that tlu^ first batches in a day^s work rerpiire 
fin* most wafer. It is desirable, nc^vertheh^HH, to regulate closely the 
anKunit of watm* per liatch, as better results can thus be secured. 
In other words, tin* ^vatm* slnnild at all times be add(.*d by nnnisure 
for each batch, thus securing nniformity in tills respect, varying the 
amount fixun batch to hatch as the condition of the materials and 
the state of the mass re(}uire. Water sliould not be put into the 
mixer with ii hose, as this invariably rTsults in a lack of uniformity 
in the fluidity of the mix. Some batclu‘s come out of the mixer too 
wtd, edhers too dry. Wlul(‘ every Imtch will not napiire the same 
(|Uiuility of water iKsmuse of cUlTerences in weather conditions, wet- 
ncKH of flu* sand, or surplus water in the last batch of concrete placed, 
it is possilile with a definite gauge, to give a uniform ciuantity for each 
batcli, or if th»sired, to vary the quantity of water as recpiirecl. 

Tlie mixer should imt be filled very full. The spilling is apt to 
lose more material ami <mst more for cleaning than the gain in time. 
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In eliar^intc a mixer, tl»' iiiirreslit*iit.H Itnine s^liMiihl till thii mixer 

about half full; with a larger eluirgi*, t!ie etuirrrtr imiy iit»t he 
thoroughly mixed. A thoniugh sy?4teiit he eiii|ilnyeii for 

insuring beyond dould tliiit md less tliiiii the s|»iH‘ifled iiimitiiil af 

eement goes into eaeli Imteli (see page loHI. 

Charging Batch Miicr (Altarnati Method)..-An flit* liroki»n 

stone or gravel may la* placed in tin* iiiixi*r fliiir«»iiiThIy wet. 

The eement and sand Khoidd tlieit be ilropfietl iiitp tlie iiiixfr iii alter¬ 
nate layers and mixtHl tluu’ougbb' iiiitil iiit iiiiiiilgiifiiiited wiierete in 
obtainetl in wliieh the lumkeii sttun* or gsiiwl h In n thiek 

pasta of ratjrtiir. The autlior pridew to eliiirge nil of the tiiiilerliilti 
dry before tuiy water is addi*«l» ns iilime, iii |irrfemiee to 

tlie alternate methcal just stated. For iiiixtiires iii ivliieb little wnter 
is to be nscil it may be necessary, in tircirr In get it itiiiffirin mixture, 
to mix the dry ingredients without any wilier first iiini liieii mill the 
water and continue the mixing until llm m iiieiir|airiitril iii tin* iniws. 

N’txmher of Taras and Time Eitairid for Miiiag. Tin* iniinber 
of turns of the mixer, or tiie liitie rei|tiiri*il to idfeti iiii tiitinutte 
and thorough mixture, will depend noitiettfiiil flip luinl of itiixrr. 

This can he well jiulgetl by the iiiiiforitiily of the in ndiir 

and by inspeethm to see if the griiiiw of iiitiifl fiinl ilie itrit 

covered with feraent. It tbn**4 not W|iiire itiiiiiy tiirim <if » Itiiirfi 
mixer to thorougldy mis eonerefix Aliotil tiveiily liiriN «if the mixer 
will genendly be nil that i« neetwnry if the inhliire i** to lie a wrf 
one. Dry mixtures recfulre longer iiiixiiig Imcp piige |hhi. Kii wiitter 
what the directions of tlie iniikerK, iiri Imteli of rniirrete lie 

given less than twenty turns in tlie mixer, 

The number of turns given tli# mixer before be 

left to a competent niiin in eliiirge of liie mixer. Iltiwm-er, tlie rri|iii- 
sit© numlmr of turns for lialeli mm*rn wliiiiilii lie ilelerfiiineii by triiil 
mixing of a few Imtcbes, fimli wlioti otiee liiai liuinlier 

Klmuld be set m the riiiidriiiiiii iillomalile. Tlie pmiitirl iifi|iri*ieii 
by longer mixing, and till ilie tiiiio Iwm tiiiiit I lie iwrttnl rifiiiiirrit fur 
initial set, aviiilnbki lietweiui dellvrriw misiimi iit I lie foriii.n* 
be utilised for extni tiiriw to tli# mixer. Hiuiie miirli Itt^ iiliirnl 

on the mixer so that the liiiiiilier of Itiriw nf the mmrr rmi hp rfitiiiinl, 
The time rtquired for etieli Klumlil mhm Iip rlieeleil, in 

order to obtain uiiifcirtn WIteti llie liitie «f tiiixitit ri%jiiiri-il 

to give a thorougli mixture In iweertiiiiiwl, iliffi leiiglls of time iiiiiy 
be allowed for iiimh liatclt, iiwleittl of eiiiiiitiiiif ilie of tiiiiw f»f 

the mixer. The time rwiiiireil k ffettemlly frntii in 2 
It requires alMuit 2t/| to 3*4 mititiiei fit^r liitteli to ptit In tiii* ititilerifiN 
and take out the concrete, If tlie lifimlliiig of iimleriiiD run lie 
ditiously done. The longer flit* iiiixiiif In hrfit up, tl$r liriirr, ir< 
experiments show that the itreiisftli of cfinerefi* li by nil tilin' 

up even to 1*4 houw aftnr kdrif wiiffrii 

Dlsdkarflag Batch Mixer (Ualforailf of eiilnr of 

each batch fthoalil l>e Cirefnlly not 1*11 iii it enrntm fmiti tlie iiilxer. 
I Uniformity of color ilioiticl In* Itiilutcil itimn, Tlie ciiticrctr 
the mixer must b© uniform in apf^aranc# ind tlio ttilxifttr iiwicftii fiiiwf 
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bo oan’i(‘il on until this condition is obiaiued. The whole mass should 
have llu‘ color uT the cement. The entire batch must be discharged 
each time. 

Checking Operations at the Mixer,—The oi)eraiions oi’ placing the 
materials in the mixer should be caretully checked and an inspector 
should he detailed I’tn* this work. Workmen may get careless and 
makt' a weak batch of concrete^ it no one is watching, and this one 
hatch of vveak eouertde may endanger the whole structure in which 
it is used (see page Kid). 11! considered advisable, however, an 
inspector at the mixer can be omitted, because the one at the place 
of dc^posit, if at all (^xpert, cati iiistantly detect any alteration in the 
mixture by its color and texture. Of course it is optional with the 
engine<‘r as io whether or not he wants or considcuvs it advisable to 
have an inspector at the mixer. A competent foreman must be at 
the mix(U\ as mentioned bedow. 

Discharging with a Drop.—- Oonered-e, in diseharging the mixer, 
should not drop or fall for any considerable distance, as a fre^e fall 
has ii iendeney to segre^gate the broken stone or gravel from the 
mtudar. 

Cleaning Mixer Platfoim.—At least once every twenty minutes 
the mixer Hhould he stopped and the platform upon which the con¬ 
crete is ladng fe<l should he entirely cleanul, so that no concrete shall 
remain long enough to attain Its initial set. 

Attendance at the Mixer.— A eompetent forertuin must be in con¬ 
stant at tendance at the mixer to give his approval of every hatch 
which leiivtm the machine. The mixer-man is an important person 
on the job. He «hcud<! be responsible for speed in f(»(‘<ling the mixeu*, 
spee<l in removing eonei'eta, for iieeuraey of measurements, amount 
of water UHe<l, etmumt used, etc. The laborers placing the materials 
in tlie mixer sluudd he seleeted for tlieir intelligence and ability to 
umhu^stfirnl the directions given them. 

Oar© of Mlxers.—tkmerete mixera must be kept clean. Before 
stopping at the noon hemr the mixer should be tlioroughly washed 
out, and again at niglit. In using a cube mixer, eare must be taken 
to keep it edean and to prevent aecumubdiotw of partieh^s of mortar 
in thi^ corners or on projectiems inside tlm cube. This can be dono 
by iMuniding strcuigly on the outside of the cube with a wooden mallet 
or maul as each butch is dumped out; the remainitig clinging par- 
ticli»s of mortiir nr© tlui« datacdied before they have time to liarden 
in pliictt. 

Hearings slimiltl be kept in good condition, and where grease cups 
are usiul they sliotdd be screwed down once every two hours or as 
often as necessary. 

Vm of Oonttonons Mixeri.— (‘onlinuous mixers, in which tlie 
niiilitrifils are cliargetl, mixed and discharged in a continuous stream, 
should he used only under special coiulitiouH, and then only on 
mass work, like retaining walls, fouiuliilions, danm, etc., as men¬ 
tioned on page 17(k A continuous mixer in the operatitm of which 
the pri*per pro|Mjr(ioiw of the Ingredients depemd upon the shovelors 
ilioiild be subject to the »peeial approval of tlie engineer. 



174 


LWSPKCTIOX OF i'mHHUrrUKXiXO VtKM'FFtF 


The author is opposed, ns n rul*\ to tin* iHi* iif riiiilifiiiMiH luKors, 
unless the niaterinls are uieiiMirtHl niitl tVd utih n 

reliable measuriti.i^ and feeding dm ire. Wiliiotii Hindi ii d«n ifr tisn 
eonerete is laekitiix in imifoniiily* btilli «h tti uui and 

sisteney. One tad fit, ohser\ed soiite lime fe,r«» i»\ tlif tin ^friTt 

pavin.ir, will serve to illustrate the lark of iiiity in ferdimr. 

Brok(m stone was piknl on <»ne sitle uf I lie tid\rr mid the siimi on 
the other. Three men shoveled siiiid into it wiiile iht* m uiliorn 
supplied it wdth atone and yet iiiiotlier put in ei'iiuiit fttuii liim^ to 
time. The eonerete as tlurnped on llie ijrotnul wn^ mmirirnwH \\i>i 
and sometimes dry. Part of it wus llionutijlily iiii\oii uitii imri wiw 
but sliirhtly mixed. This is iloiilitlws iiii extreiiu' eiisi% Itiii 
ones are numerous and sltow iiiek of ndiiiidlity of mtrh 
when used witlunit proper appliatiee tor 

However, the author liiw fouiifl lliiit wiiii u triiiimd 

and periodie eheekinir of tlie niifiilier of hiirndH of rninuif to n idu-n 
volume of eonerete, fair results u«*re ohlfiiiiotL 

It re(|uires more earefu! iiiHpeefitui in iniiiif » rniififiiiniiH fir}\rr 

than It does with a biiteh mixer, 

Ohargiaf Continuous Matmiiilii sluiiild ln^ r«*ii iiitu tbn 

mixer in tim proper prci|Hirfioiw, They iitiiy lie lurienirni ti\ »|ioud- 
fuls or by spreadinir in layers liefiire sliintdiiiit iiitu ilio limn iMm 
page 10 * 2 ), or by automiitict iiifieliiiiery wliieli tVed.^ Hip minoit im4 
eaeh aggregate in tlie prti|M*r pminni'mm, Tlie nuiimuiOi^ |iinit|io 
mixer with a single shaft mid iiii oiieii eiiil si4 ii-Hni fur 

mixing eonerete. In sueh eiisi^s eare lie tiikefi tlmt tlie luutpriiik 
are throwm in near enough the ii|i|ii»r end to he ilimoiiirlih tiiitni. 
The water Bliould he fed near tlie iiililiiln iif tlie mmrhmn-\ litut the 
materials are first partially mixed dry. If the iinxi’f Ihh 

an automatie meiwiirinir devhm, it plititild |i#i ki»|if iiiii|i|\ fiiH, umi fiji, 
material must not he allowed to elt»u iii the iiiixinn iIhiio. 

If a eontinumw mixer is imed eiirefiil iviiieli fi,. ||pnt *,f ifn, 

mmmt hopi^er, as the eemeiit w lintih^ to rtiii imv. fepiltug mih it 
portion of the worm, t>r a large liiitifi nf eetiieti! itwy ride tin t»»|* of tint 
worm and hinder the feed; or tin* wririti iiiiiy Iteriniii^ riiiitnl ivitli 
damp eernent wliieh redtieoM the eapaeity. if tlie wiitrlie% 

the eement hopper the eoiitraetcir will leinl in ilm mm4 iiinl ^dfun^ 
hop|>eiii. 

Charginf Oontinuow Mtetw wilhoul Mtattiriiii »§- 

xices,—'If the mixer is fed by Miioveliiiii. It I»p ilimo fr«iii 

pro|>efIy pro|iOftloiied pili» tif eeinent* ^itini liiiil iiggregiilt^ iiini eirli 
shovelful should eontaiii a prufier inixtiirr itf iriiifprinlii. Tlii» rtniv 
be done hy having* the dry tiifilerliilii In n ihm^-lnvpr tnh\ 

first the broken stone or snivel. iiPtf Hie >mmt. -.ir,*! tlir-fi fbr rntiriii, 
using bottomleiB boxeii, Iieadle^*i hatred, , ptr 

Art, 14). Then ««bfwel in the dry fnixltire. fiio^ if,, lwiff,ifii 

of the layer of the aggreiritte, Iti thh %%b\' thr nill 

mix as the eemerit arid natid riirw down thr fjir*. * 4 ‘ |,s1p iP 4 it ’ni 

shoveled in. Sliovfdiiig miwt be doto m ,i uidHotu ratf% j if |i 
essential to good resiilti from « mmtinmm im%m\ md ilip iir.|ieetitr 
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yhoiild \vai('li this ojH'ralioii ('arol'iilly. Tha ahial' Tault. of ('oiitinuous 
iiiixia's is tlia ditliaiilty t>r cduirgin^ tluaii propiM’ly. Do not allow (ho 
dry materials (o be mixed ami stand any ItMi.^th of tiuu‘ I)efi)i‘(‘ ladng 
wtd and used. The sand generally eoiitains (‘iiough moisture lo cause 
the cement to set. 

'the material may be measured by shovihfuls, insttaid of measuring 
and spreading in layiu’s lad'ore shoveling as numtiomul above. In (lu‘ 
latter method care must be taken to fecal lht‘ ctmuait, sand and stone' 
tog(‘th(‘i\ and at a uniform rate', tlu', size' of shovc'ls be'ing so arrange'd 
that vvlu'u all the shoveh'rs work toge'ther the proper proportions 
will l)e introduce'd. If one man shovc'ls ceme'ut, two nu'u shove'l sand 
ami four me'U handle' the stone, and (he cetne'iil man stops to till his 
pipe, tlu're is likely to be a poor stre'ak of concre'tc'. It is thc're'fore' 
desirable', in feeding a continuous mixe'r, to spread the measurc'd 
(piantity of stom^ on the plattorm, and on lop of this [)la(-e the 
nieaisurc'd (luantltie'S of sand and ce'nu'ut, ns de*scrib('d above. ddu'U 
if each shovedc'r m'ts his shovel bladt' undt'r the whole' mass he will 
have soitu' of e'aedi ingredie'ut. 

Whe'U the* mnte*rials are me'nsure'd and sprc'ad in layers Ix'fore 
shove'Iing into the' tnixer, the' machine should pi’e'tVrably be' be'low 
the' me'asuring platform, and two gangs of tiit'u c'mploye'd, om' be'ing 
on c'ncli side' of the* mixer, so that one' batch may be' prc'pai'eHl while* 
anedhe'r is beitig plat'ed in the mixe'r, Tej many re'ade*rs this wotdd 
appe'ar as a ve'ry simple re'epiire'me'ut, yc't the authe)r has ofte'U 
obsc'rvc'el a single* gang measui'e* out the mate'rials on the* ground while* 
the mix(*r Hteeod ielle*, and thc'U lift llie'm se'veu'al fe'e't, while* tlu^ niixe'd 
conere'tt' lell te» the* ground, te> he* shejve'h'd into whee'lbarrows en* earts. 

Testing Continnons Mixers. » A hateh e>f e‘e)nere‘te‘ shonld be 
mi'anurc'd out in the ele'siri'd propen’tiems and run tbrenigh the nun'liim* 
to sc'O if it fee'els e*orreetly. After tlie* cemcre'le* come's tlire>ngli, it 
should be e»xamine*d to se'e* if it is tboi'ougbly mixe'd luid if te)o we*t 
or dry. If not mixe'd right, it should be* run through again, or 
mixe'd liy hand, Tlie itwpector sboulel clu'ck the nm of the mixe'r 
with me'iiHurc'd wbc*elbarrenvs from time* to lime*. If an autornntic 
measuring deviec* is used, clic*ck its tne'asnre'me'nts at intervals te> se'i' 
that the feeal has not been cbatigeel. The* ee'ment feed ofte'ii be'eorne's 
cle»gged and will tied m<*asure cairreetly, Sevt'ral tests sboulel be math* 
eacli day te» He*e that the eennent dt'livery is constant. 

Gravity Mixers.— If the portable* gravity concrc'te mixen* is iise'd, 
the* manufaetiirer’s instriudienm for its use must be adhc're'd unlc'ss 
otherwise* dir«»cte<l hy the engineer. 

One form e»f portable gravity mixe'r eonsists of a Hte*el trough 
provided witii Htagge*r<*d pins anel dedle'e'ting plate's. The* trenigh is 
snppeirteei in an ineline*d peesition anel has a hopp<*r at its uppe'r e'lid, 
and may be inere'ased in h'ngth from 4 to H) fe*e‘t by aeleling diffe're'nt 
sections. Wafer is Hupplii'd througli spray pipes at the* side* ed’ the* 

trenigb. *rhe itiaterlalH—stone's, sand and ce*ment.-are* Kpn*ad in lnye*rs 

<m the mixing platform, with the stone* at the lad.tom. The* mate'rials 
an* tlH*n threiwn into tlie he»pper; they arei mixe'd ns they eh'seend 
thnuigh tlie* pins, and the pri»duct is eaught in whee'lljurrovvs or carts 
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at the bottom. Tliore is some doubt as io tht* tllonlnlrlule^^ oT the 
niixiiijj^ obtained, also as to tlK‘ even tiuiipefiuir of the mixfiue witli 
water. There is imudi roiiKh eonen'te fbimdatioii uoik, !H»ut‘\er, 
where this simple form of mixer mi.uiit be .sati'^faetiow. 

Precautions to Be Observed in Machine Mixing. In mixing eou- 
Crete by machine the important juuuts to he (d}^er\etl are: 

(1) That the directions snppHe<l by the mnnnfncturer are care¬ 
fully followed. 

(2) That the speeifltHl pri»portionH of tin* iimrtalientH art* iVtl 
into the mixer at all times. Tim tmtire amtnmt t>f cenieiit loiist 
added to the other aixgrei^ates htd’on* mixlnir etuniiifuieed, and the 
whole should he mixed dry ladbn* tlie water is iiddmL In nim'liim* 
mixing, all the materials, ineliiding the water, are staiiet imes inf no 
dueed at once without inttuanediafe mixing, luit better residt.M hh* 
likely to be secured, even with miicliine mixers, by tlrst inixing the 
materials dry, 

(3) That the quantity of water is uniform am! i»f proper anamnt 
to produce the desired eotisistcmey. Maeliine mixing hlioiild he cure- 
fully studied until one knows exactly lanv nnicli mater iiiiiy be u^ed. 

(4) That the ingnalieuts an* thoroiiglily iiieorponiieil ladbre 
leaving the mixer, lawk out for <!irfy. noft stone find .Hiiiitl {ind for 
lack of uniformity in the product of the mixer. 

(5) That the entire contents of the mixer are tiikeii init at eiicb 
emptying. 

(6) When the mixer is stopianl it slioubl be fliislie«l witli water 
and no concrete, partially set or idlierwise, sliotild lie |ii»rtiiitted to 

remain in it. 

(7) Tn feeding a contlniimm mixer by slitivel, fiiiit nil tif tin* 

material is ft'd at flic lc»ading etid. ft is not ft* '•♦ce af 

least one of the shovel men feeding Ills nifiteriiil iit I lie diitiipiiig rmL 

HAND 

When from any cause resort to liand tnhiiig k ii«*ei’mitty, tliis 
should be done tliorougldy and to the sitlkfnrtlon nf’ i||«^ 

The mixing should be performed ns expeditioii^ly im itml 

with the use of a Huflicient number td' skilled turn. Tln’ vtmlmrtnr 
should b© allowed to use Itis own mefliod of tiiixiti.ii'. |imvii|i‘d tl mvm 
the desired results, unless the ipeciftciitbiw Mtipiiliite it defiiiilu iiieflitMl 
to be followed. 

The concrete should ha riuxei! on it tliiilif'r pliitfurni, iii tirder tci 
prevent waste of water and materlfil. It may iiku lit* mixed, uitli 
the approval of th© engineer, on the followinif luimiiriit^: ill 
asphalt; (2) brick; ( 2 ) maciidam: fitid fll errtwitlefl ivowl lilnelc. 
When mixing concrete on any of fhe«e paveiiieiit^ fbe strrid Hlifiiilrl 
be swept clean for a place sufftclenf to iillnw for mifiiHf flic rofirrrte. 
Mixing concrete on the ground sliotild not he iiertniffeil. tiflirrwke 
loam or clay may contaminate it. The efeef nf mich eotiffifiiiiiitliftii 
is a loss of strength, as the clay iidli«*rei to tliii itwiie iiiitl preventi 
©lose contact with the mortar. 
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Hand Mixing for Reinforced Ooncrete.~-All eoncroto i'ov reiniurctnl 
work should be mixed by imieiiiae us mentioned prc‘vionsly. lluml 
inixini? must be avoided tor rein to reed eonend-e wt)rk, it possible. 
Tliis rule is impt‘rativt‘. It bund mixin*;’ is n‘quin‘d in an enu‘r.m‘ni‘>h 
the inspeelion sliould be ri^id, in onhn* that tlit! work !>e done delib¬ 
erately and earetully. In other words, the insp(‘etor must pay tbt< 
elosest possible' attt'ulkm to the mixini!^ to see that it is done' eare¬ 
tully and with due deliberation. Hand mixin*^ as done tor ordinary 
mass eonerete work will not do tor r(‘intor<*('d eon<*r<*le work and 
should never bt' ((derated. To st'eure ^^ood I’esidts the inixin<^ must 
be (h(H*ouy:h. All hurry that smaeks of hastt^ slnudd avoidt'd. 

Matkods of Hand Mixing.— Tlu're are a nundjer ot ways or nu'thods 
ertiployed tor mixim^ eonen'te by liand, and tiny will n(*arly all i^ive 
^x)od results provided (‘Uon^di lal)or is ('Xpc'inh'd. dhu' uumb('r ot turns, 
the order of the various operations, and otlu'r dt'lails ot the didVretd. 
methods vary in praeliet^ wdtli the mdions td’ tin* (‘ii'i’ints'r eontndlin^ 
the work. Ilow'c'vc*r, it is the iretjeral opinion ot eoner(*t(' experts 
that tlu' n'lativc* arranmmH'Ut ot tht' layers and the' se'tjiu'iu'i' (d* 
opendions tor mixln^^ thc» matt'rials has litth* c'lTt'et upon tlu' strc'indh 
(d* the eemerete, providc'd the mntc'riiilH an^ tttrned a sunh*h‘ni num¬ 
ber of times to ineorp(H*att* tlu'm tfionm^ldy. A i^ood nd(* tor mixim^r 
eonerete l^y hand is to mix it emmidi and one<' mon* tor luek. Mt'iliotls 
variously emph^yed are tndlim'd as tollow's: 

(1) Broken stone (»r ^ravt'l sprc'ad, h'V('led off, and llu'u tlior- 
oughly wetted; (*emeni and satn! mixc'd dry and sluna'Ied onto tlu^ 
wet stone, leveknl oiT, and the mass turiu'd, additional waU'r la'iiiix 
added if tioeesHiiry. This tm'thod is deserilx'd in detail on pa^t' I7*d. 

(2) Broken stone or gravel spread, h'Vt'led off; eemc'id and sand 
mixt'd dry, shovt'Ied on, levj'led off, and wet as the* masH is turned. 

(3) CVment and sand mixed dry, luid tin? broken stone or gravel 
shoveled t»n top of it and wet as (be mass is iurnt'd. This in a 
motlifieation of tlie serotul im'thod, tlie stemt* Ix'ing add('d last insU'nd 
of first. The water m appUi'd last in both meth(»dH. 

(4) Henient and sand mixed with wnt<‘r into a mortar whieli is 
shoveled onto tlie bniken stcine or grav^'l and the niass tnrmsl with 
Hhoveln. 

(fi) (knnent and sand mixi'd witli water into a mortar, tiie broken 
stone or gravel spread on top of it, and the mass turned witli slnnels. 
Thill i« a modilleiition of the kuirth method, tin' stone being added 
la«t instead of havinit the mortar plaeed on the stone. 

(Cl) Broken sttaie or gravel, sand, and eement spread in 
eessivii layers, mixtal nlightly, and sliovek'd into a eirek' or erater, 
water |Kiim*d into the renter, and the mass mixed witli shovels and 
hoes. Tills melliod i« itpplieiilde to very Bmall batelit'S of eonerete. 

Sptciieatioas for Hand Mixing.— Hp«'eitleiili(nm slnudd stipulate 
eleiirly the method of doing hum! ndxitig ami tin' residts to b*' 
obtained, Hpeeilieati«ms are very likely to be attduguous eoiieeriniig 
the numbffr of turns rtufiiired and as to wdiat eoUHiitufi's a turn. 
Till! liwpeetor slioiild tnakii Ids mind eiear on llieso importaisl points 
and sliould nm that thore i« a dellait# understanding bet ween etigiumir 
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and oontrat'lor. Tii otlnn' words, it should Int «h*!iiii!«'ly uudorstotul 
by c'onti’atdor and inspootor wind iiioiIhhIs will hr a<*<'<»pt{*d 

as satis fad ory. If flio sporithuil ions tlo lud state* Jiisf liou lio* hand 
inixiiiijc is to bo perfornuHl, tlu* insportor nun tin* llist isiftlnHl 
mentioned above and deseribed in detail on pa*:t» !7!l. met hod 

has 1)een found by praedieal expt'ricmee to ,Kive \i*ry iiood re*^idfs. 

Inspection of Hand Mixing.— In |i-enend, the iiiixiin: of etuierete is 
a simple operation, but should be earefnlly wafelied by an iii'^peeior, 
as it is oft(‘n xiegleeted, resultinjr in poor t»r inferitir i^rade nf eoneioti*. 
The. inspeetor shotdd lay the |*:reati*s| stress upon (!| exiiet mvmmv^ 
ment of tlH‘ br(d<en sttme (O’ i^ravel; (2| flitiroiiiili of list* 

eement and sand; (d) thorouirh mixtun* of the inasH*, and | ll pioper 
amount of water to produce the desiretl emisisteiicw. For additioiiiil 
preeautions to he ohserve<l, Hf*e page I fid. 

Size of Batch in Hand Mixing. —Tlie i|imiiiity of roiieieie in earli 
batch should not bt* gnmtcr than the f|nfiniit\ tliiit, tinder the eondi 
tions^ can he* mix(‘d and depositta! in jMTiiiaiieiit positimi in tin* work 
before the eement begins to set (see pages Id7 iiinl Iddh IliilelieH 
should not exeecnl 1 cu. yd., and smaller bntclies nn* |iii*feuiblis biiMi'il 
upon a multiple* of the nurnlmr of Hacks to fin* barrel, tf piiHHibh*. 
the !)at(di should recfuire t*itiu*r a full barief or a certiiiii tiiiiiilwr of 
full sacks of ciuuenl. This will obviate the tieci’SHity nf iinuisiiriiig 
or weighing the cement. Fc»r the itiixitig’ of eoiicrete iniiieriiiF b\ 
hiuul it is \isnally eiiHi(*st to make liatclieH wliicli will only 

two or three bags of c*eim*ut. 

Mixing Flatfom.— A suitable pliitforiii iiiiisl be |iriniii«'«i oti whicfi 
to do the mixing. It may he made by iiiiiliiig foiicflier »u. by In tl. 
hoards of any desirtal width with 2x4 cIiuiIh iihieeil nboti! 2 ft. iipnl. 
If the concrete is to he mixed near the fMiiiit wlieie it m be 
d(‘positc*d, tilt* mixing platft»rm niust In* iiindi* poiiiiblt*, A 
piece* of rope attached to eacli cortit*r of the ftlal fm m* nr In I In* tmds 
of the longitudinal Heantlings or cleats, will be fmiiid ciuiieiiieiii in 
moving it. The pbndiiug sIhhiIcI he tight enmigii i« prtHciif Iritiiiine 
of water carrying eement (see page 2IM1, A «iiet»l dioii iiliitfiiifii 
lightens the labor. 

The platform Hhonld be of siiflieieiit styj* to fieriiiiitiiinijite tmrn filiil 
materials for the progresHive iitid raptil ttiixiiig of nl twit 

luitches of concrete at the saitie time, littlelte# i^iiniibl nui 
1 cu. yd. each. For a 2-hafx bfiteli the iiiixiiig filttlffiriii Hlniiilil lx* 
about hxlO ft., while for a 4»bfig bfiteli it hr iiimtii llHl:! if. 

The mixing platform sitoiild lie lioarded idf In urinnii flic niiul 
blowing the cement away while It k being tiiriicii ilry iiiiil in piineiit 
the water rnnuiug off and currying iiwiiv the ceffieiit. Iii maiiv 
it will he found that a 24ri. or .'Fin, strip iniilcii ttitiiiiiil the of 

wooden plat forms will prevent wastiiig the iiiiiteriiil;^. 

Large mortar boxes are notrietinieH tiw**! for niiiciidr. 

Proportioning Matoriali.—In propriilioiiifig flic itigreiiieiif} 4 , it U 
poor mmomy to make allowfinee for iiiHiifllcient niixitig or ifiitiro|w*r 
liandling of the materials. The ailditioiiiil ceinefit null be itiitrli imire 
expensive than the extra time expeiicled by wfirfetrien in Keen ring a 
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lioiiioj^’eiHHJUs mass, i^'ar mt^ihods of pi’t^portiouin^*, svo. Art. Id. 

Measuring Ingredients. All iu-ivtlimits lor t'otuaTti^. imisl he 
aeeuriUtdy measar(H! as th'senhed in Art. Id. Xo (Muiaiin.u’ by sliovtds 
or otlu'r uppi'o\ima{it»n sliotdd he uUowcmI. A vt‘ry ('onv(‘ni(‘iit way to 
mt‘asurt‘ tla* sand jitid laMdien stone or li.ravtd is hy nnains oL‘ Ijottoiu- 
h‘ss hoX(‘H (st‘e paye loh). These* hox(*s slionld he of siudi a size* that 
they will Indd tin* proper proportions of stone or sand to mix a hat eh 
ot a etniain aim)nnt, (’«'?nenl is nsnally imaisurtal hy tla^ paeka.ux*; 
that is. hy tlu* harnd or hag* (see pa^^e lod). They eontain a delinite 
amount «d' c'cmient. 

Directions for Mixing Concrete by Hand.— ’The tnethods of mixing 
etmerete !»y luiml. as to orchu* of proe(*<lure^ are almost as numerous 
as an* the individuals wlio th^ the work (st*e page* 177 ) ; hut tin* 
t’<dlowing mtdliod has Ihhui found easy ami elTecdivt*: 

A i'orreet propoiiion of broken stout* or graivel should ht^ (*venly 
sprt*ati ttptm the ndxing platform, and in no east* mttrt^ than S in. 
tleep. In a suitafdt* ht»x tu* tin a plaffot'tn the eorrt'el proportion td* 
sand anti etmu'ut sluiuld la* tluu’tmghly mixt*d tlry. tint* sand rt*<fuiring 
mueh mttre work than etuirsi*. Tin* mt‘aHured t|uantiti(‘s of sand and 
eemt'id must ht» tlioromdtiy mixt'd by tunung tht‘m ovtu* whih* dry, 
at lt‘aHi twit*!*, so tli.nt tht‘re will not ht* diflVrt'ni proportions of sand 
tt) et’miud ill diHVrt»nf parts tif tin* ht‘ap. It ean g(*n(*rally l)tt lohl 
hy file uniftn’inity td’ f*olttr and ahst*net* td‘ strt‘aky appt’aramu* wlH*n 
(fie mixing td’ tin* Haiul am! e<*ment has ht‘en pi’t)pt‘rly aeeomplisht‘(L 
If turning the tlry material luit*t* dot*s not. bring a uniform etdor to 
it, the tipenditui nnmf he n*pentetl. 

TIte broken sltuii* tir tmut*! Hhouhl (}it*n ht* lliortmghly W(dtt‘d 
ami tilt* mixiuie td' tlry saml ami et*mt*nt should lut evt'idy sprt'ad 
tnt*r if, (‘ommeneiiig id flu* e(»rm*rs, tin* mt‘n shoultl, with H!iovt*lM, 
turn the mass f»\er away from the et*n((*i% ami, eoming baek, turn ii 
(o tilt* eefiter. TIte slaoefs ^dlou}d always ht* used at. rigid angles to 
<*itlif*r the side or the t*m! id’ the hoard, nc*ver diagonally, ^flm shov<*ls 
simnit! im fully down to I hi* platform and the rnait'rial he tiuaual 
eompIi»fely «ner, In other wortfs, the shovels should always serape 
the mass eleiin from the lioanl, nf‘ver eut li at mid-dt'pth. As taieh 
shovelful is thrown up, ii fmv ents into the mass with iht! shovt*! 
almost \i*rtieiil will not only prev<*ni I lie stones from rolling tlowii 
the Hitles, hut will matt^riidly aid in tfie miximg. Tin* mass shoidd now 
hfi fiirnei! inwiird tn* fowaitl the eimter, spr(*ad out in layt'rs again, 
iim! the operation repented. In addition to the* thorough wi'tting of 
the stones, tf, in tlie Judgment of the enginec*r, ii will he nc‘eessary, 
auflleiiuii wilier should he addeil l<i the* mass liy a rose* h(*nd sprinkh'r 
to eiiiilih* flit* iiiitferial to heroine Iboroiighly incorporated, and the 
proeesH tif mixiiig should he e4tntinni*«l until (lie siirfm*!* <d’ (*aeh 
stoiiP IS well eeiered wifli umilitr. The entlri* mixture* should he 
tiirii«*d nut less llijiit tlirei* times. An imf»rov<*mc*ni in (jualily will 
resiiit liy furl her litridiiif. 

Siiiiil eeitieiil Hliiuild tud he mixed up in advam*(*, because llie 
natiinil moisture wliirli itll Minds eontain will makt* tin* e(»tnent set 
ami eiiktf. 
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Hand Mixing (Alternate Method).— The sand may first be spread 
in a thin layer on the platform and the cement spread over this as 
evenly as possible. The sand is then mixed by turning it over with 
shovels into a new pile of the same general shape and thickness as 
the old one, giving the shovel a smart twist just before the material 
leaves it, so as to mix the sand and cement thoroughly. Two or three 
operations of this nature may be required, the material being shoveled 
from one side of the platform to the other with each turn. After a 
sufficient number of operations and spreadings of this nature have 
been carried out it should produce a mixture homogeneous in appear¬ 
ance and color. The water necessary to mix a thin mortar is then 
added and the mortar spread again. The broken stone or gravel, 
which has been previously wet, should then be added to the mortar 
and the whole turned over and over with shovels, first toward the 
center and then out from the center toward the sides; or it may 
be heaped up from the sides and ends to an oval-shaped pile; then 
the mass is turned outward from the center, spread out into layers 
again, and the operation repeated until all the particles are coated 
with cement and the mixture is of uniform consistency. 

The coarse aggregate may be added before instead of after adding 
the water, as just described. In this case the broken stone or gravel 
is spread evenly over the layer of mixed sand and cement. Pour over 
the top of the broken stone or gravel about three-fourths of the 
required amount of water, dashing it over the pile as evenly as 
possible. Again turn the whole material over in the same manner 
as with the sand and cement, adding water little by little to the dry 
spots as the mixing continues. Repeat this operation until the whole 
mass is uniform in color and moisture. 

In large work the concrete can be mixed very rapidly by eitlier 
method as described; as one batch is being finished another can be 
got ready, and thus a continuous stream of concrete can be turned out. 

A variation of the methods described and much practiced, though 
not to be commended, is the mixing of all the dry ingredients, then 
adding the water by sprinkling. That is to say, the broken stone or 
gravel, sand, and cement are spread in successive layers, mixed 
slightly, water is then added, and the mixing continued. The author 
has observed that by mixing all the parts dry first, and then applying 
water, the cement is worked to the bottom of the heap and often 
cakes there, and, even if turned up again, it has a tendency to adhere 
to the sand and avoid the stone. At the same time, however, if excep¬ 
tional care and skill are used in the manipulation, good concrete can 
be obtained this way as well as any other, but it requires more work 
to get satisfactory results. 

Water for Mixing. —ater should be moderately sprinkled on the 
material from a sprinkler nozzle, care being taken not to wash out 
the cement or to put on at any time an excess of water and to leave 
the concrete too dry rather than too wet. It is essential, however, 
to have all parts of the batch equally wet; otherwise, by having 
some parts wet and some parts dry, the drier part will set before the 
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vvt‘tUn\ and tlius eaust* stn*sses within the nnuss^ which sooner or 
later lead to uu’iy craekH. A ^ood plan is to tie the nozzle of the 
hose on a shovel-hlade so the blade will spray the water. With a little 
(*xperiene(‘ (he man with tin* water will ))e able to reg’idate it so tliat 
each haleh will iiave about the sauie amount oT water. After the 
watt‘r is added tiie turniuir must In* continued until the whole mass 
bec(UU(‘s homogeneouH. The water must not be dashed upon the 
mass by m«*ans t>f a jet. Do not lose any of the water by letting it 
run otT the e<lgeH of the platform. 

In athling water by means of buckets, care must bo taken not to 
dasli it tm in such (|uautitieH or with such force as to wash the 
ceim*nt from the in^gregate. Some engineers specify that the con- 
crc'tc must be wed ted by means of buckets, feeling that it can bo 
gauged iiHU'e aceurately by tilling the required number of buckets in 
advance than Ijy spraying with the hose. 

The ({Ulintity watt*r is regulatetl by the appearance of the con- 
ende, ns mentitmed on page 171. Nearly all the water can h(^ poured 
on the dry materials lu'fore commencing to turn, and tlie remainder 
used to wet Up oecasitnuil spots, (Het^ also page 193.) 

Natural Mixture of Sand and Gravel.—When a natural mixture 
of sand and gravel is ant'd, the matt*rial should be handled the same 
as sand—tliiit is, it slionltl bt* spread evenly, and, after the addition 
of cemi‘nt, mixed dry anti then w<d.. 

System in Hand Mixing Operations.— The mixing operations should 
be condnctt»<! accc»rdirig to a regidar system. If a gang of men are 
Hiarted pr«»perly tli<*y will Hotm la'ccnne expert, working in unison; 
\vln*refi», If each man i« allowed to mix aceording to his notion, con- 
fasitm is sure to result. A regular system pt^rmits the inspector to 
check the work ami temls to pnaluee uniformity of product that 
decn*iiHe« the necessity of constant inspection for and correction of 
fntdfs in tlie ndxtiire. 

Oar© or Tborongbniis in Hand MMng,—Hand mixing cannot bo 
expectetl to be m uniform ii« machine mixing, and yet, if protier care 
is taken, under intelligent Hupervision good results can bo secured. 
Mixing miwt be done on a clean platform or on a clean pavemc*nt. 
Kpi*cial care tiiiwt be taken to prevent the incorporation of any dirt 

foreiirn matter into the concrete. In fact, during the wholes process 
of miikitig c<iiicr<»te it is absolutely essential to avoid admixture with 
earth, clay* dirt, sawtiust, chips, or other undesirable maferial. Dare 
should also be taken to keep the sand and bniken stone or gravel in 
tlistincf iiiid «e|iiiriifci bi!i« or piles. Tliat is to say, the shovelers 
should ftlmitys iiifdritiuii a clear space between piles. The mixing 
must lie cotidiiflcil in a manner wliicli will md permit of th© loss of 
cement tlirciiigli the running of of surphis water. 

In liiimbiiiixed concrete, the ingredients should be very thoroughly 
iiiixeil; too niucli i!ii|M>rtftnce cannot be placed upon this feature of 
Ilii* woik. Mixltig concrete properly Is bard work, and also rcHpiires 
some ^kilh liiit it is of the utmost irnpt»rtance that it be done 
tliiiroiiglily. Tl iirotigit mixing will proditce a more* plastic concrete 
wifli fi giviui iiiiioiinl of water than inadequate mixing. The material 
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must he turned over tliorouglily, tlie shovels must find their way to 
the boards, and the mixture must be picked up from the bottom 
and turned over and over again. The shoveling of concrete is hard 
work, and it will be found necessary not only to pick good men for 
this duty but to cull them until the evolution results in the proper 
men for the work. A thorough turning over must be demanded by 
the inspector, not a mere haphazard shoveling. This is far from 
being easy work, and, especially in warm weather, ihc men are 
inclined to become optimistic and to believe that a batch of concrete 
is finished when in reality it is only about half mixed. 

A few wheelbarrows of badly mixed concrete sent back to the 
mixing platform for better treatment will have a more lasting effect on 
the concrete gangs than a lot of talking to them. 

Number of Turns.-—Specifications for hand mixing should always 
state the method to be followed (see page 177), and particularly 
the number of turns necessary. If these matters are not specific, the 
contractor has to guess at the probable requirements of the engineer. 
Specifications are very often ambiguous concerning the number of 
turns required and as to what constitutes a turn. The inspector 
should make his mind clear on these points and should see that there 
is a definite understanding between engineer and coniracior. The 
author has known of inspectors demanding from 5 to 10 turns of 
the materials when specifications were ambiguous. It should in¬ 
variably be made clear whether or not the final shoveling into the 
wheelbarrows or carts constitutes a turn, and whether any subse¬ 
quent shoveling of the concrete into place constitutes a turn. 
Inspectors and foremen have frequent disputes over these questions. 

While the specifications should state the greatest number of turns, 
the inspector should be allowed to require a less number in special 
cases; for when the materials are thoroughly mixed it is time to stop, 
and any further manipulation will rather tend to separate, and not 
mix the ingredients. Again, an experienced gang will make a better 
mixture by turning the materials over three times than a green gang 
will make in ten turns. 

The number of times concrete should be turned over will depend 
upon the method of handling it, the nature of the sand and broken 
stone or gravel, also the amount of water added. Merely shoveling 
the material from one part of the platform to another should not 
be considered a proper method of mixing. The contractor should be 
required to turn the sand and cement at least three times dry and 
three times wet, and then turn the mortar and stone three times. 
Material turned less than three times after it has been wet cannot 
be considered as well mixed. The whole mass must be turned over 
with shovels at least three times (not counting the shoveling off the 
board), or until thoroughly incorporated. With experienced laborers, 
the concrete should be mixed after three such turnings; but if it 
shows streaky or dry spots, it should be turned again. The engineer 
may prescribe the number of times the mixture shall be turned, d^y 
and wet, if he considers it necessary. Some specifications have re¬ 
quired six turns dry and three turns wet for the mortar, followed 
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by tliroe iiirm of tho uu>rtur md stone. In pavement foundation 
work turns of tlio uunlar followed by two turns of the mortar 
and stoiU‘ art‘ sonu‘tinu‘s ptnuiiUed, but tlie author i'eels tliat this is 
ratluu’ insullieienl (*vi‘n f<»r ciUU'rcdi' in siudi work. 

Order of Turning Materials. Tlu‘ order of turning should bo so 
r(‘u*ulated that tlu' last turn uuule will plaee the material in a single 
jdl(‘ at or n(*ar tins (*enttu* of the hoard, preparatory to its removal to 
tlu‘ phiet‘ lor it in the work. 

Eemoval of Concrete from Platform. In rtunoving the eoiiercde 
fnmi the plaif(»rm, eart* must he taktai to preserve the incorporation, 
which can b(*!^t l^e dt»ne l)y shovtding it from the base at the (ulges 
of thi‘ pile towaiai the center of it, and at the same time cutting 
(lie apex of th«» pile with a laa* or shovel, in sucli a manner as to 
avoid an accnmulation of loose* stom's. 

Cleaning Platform. When tin* day’s work is done the mixing 
platform slnudd Ih» left c*h‘iin, and if any mortar or eoneiade is not 
used it sliouhi be reim^ved, to prt‘veni it fnmi Ixdng r(‘mix(‘d again 
in tin* morning. Tin* piatf(»rm should ht* seruhbcal with a l)room and 
water. If I his is not ilone, small pnrtieles oi’ stone w’ill b(‘ glmal to 
tlie platform by the eernent and will render shoveling the next day 
nu»*t <lilllcnlt. 

Took for Hand Mixing,--In mixing by hand the men should be 
pnnltiiu! with loiigdmtidltHl, sc|uare4daded shovels, as tlu‘y can reacdi 
the center of tlie pile better ami will not tin* themH(dv(*s as with a 
hIkhI diandled Mlautd. The use of a rake or a hca* may he |H‘rmitted 
in mixitiir Huml and cement, but preferably tmt after stom* has been 
added. Shuiels for mixing <nnicrete should 1 h‘ H(iUur<‘-pointt*d rather 
than liiuml, udli pr*»pi*r slinpc* td’ howl and a dcdlnite h‘tigtli of 
handle, to eiiiihli* the mw to turn the mass (piiekly and with the 
mifiinumi iiinount of labor. Stone contrnetoi’s prtdVr hot's, and (dhers 
line rakcH, fditimiiig for tfie lattt*r tin* advantage ol* Ht'paraling the 
materiid in ii tiiiiiiner imptwsihh* uith shovc'ls, t‘xc(‘pt in a long throw. 
An ex|mrt wdth a Ime eiiti givt* t«> tin* mortar a motion that not only 
turns if liver but i4i‘prtratt*s and Hpreiuls tin* partieles as wcdl. Sipiare- 
pointed shovels, si/,e 3, are used the most for mixing concrete by 
liiiiid. 

Mlxturo of Mortar Halving an Excess of Water.- -Any mixture of 
mortar liiuiiig an exeesn of water (of which tlie cmgineer or the 
iiwpeidor slnnilil hi* the judge| should be rejectial, and must bt* 
removed from I lie plat form and evenly spread on top of the* tiniHh<*d 
eoiicrete, wiii*re iiinl ns direeli*d; or if, In the judgm(*nt of the 
iiHpeetor. it tiiiiy bt* used in the eonerete, in sueli case it should be 
Ids duty to see iliiit Ilf least two or tliree imaisures of brok(‘0 stone 
tir gnu el lire iiiiitl ted fr«»in the batch. 

Etmoml of Mortar from Pktfoxm.»-lf any mortar is removed 
from flu* |iiiitfiirtii for itiiy piiriMme, it should ht* tin* inspector’s duty 
til s«*i» tliiil fit leiist line nr more nifasiires of broken stom* or gravel 
are fiiidtteil friifii the liiitcli. Mortar required for othm* purposes 
should he firefuiied se|iariilfdy, Its each battdi of conende must have its 
full {iro|MUtioli of cetiieill. 
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INSPECTION OF PEOPOETIONING CONCEETE 


Protection against Wind and Rain.— In mixing concrete by band, 
tbe operation should be well protected against wind and rain, as the 
rain prevents proper dry-mixing of sand and cement, and the wind 
tends to blow away the fine cement, which is the best material. (See 
page 333.) 

CONCRETE MIXING- PLANTS 

With the actual handling of materials for concrete the inspector 
has little to do, his duties being restricted to seeing that the quality 
of the work is maintained rather than the means used by the con¬ 
tractor to carry on the work. However, as the inspector is interested 
in the progress of the work to see that it is completed in the 
time agreed upon, the method of handling the materials for concrete 
may become of vital importance. The author will therefore discuss 
the subject very briefly. 

It is not to be assumed that any one hard and fast rule can be 
applied to the economical handling and arrangement of the mixing 
plant and here is where the contractor's ingenuity and natural re¬ 
source must come into play. All conditions, local and otherwise, 
must be taken strictly into account and harmonized one with the other. 
One thing that will work well in one place will not do at all in another. 
The one item to be constantly kept in mind, with a view to eliminate 
it as much as possible, is that of rehandling the materials. 

Besides handling concrete, the plant, as a rule, has to do the 
following work (difficult foundation not considered): Excavate, sheet 
pile, mix and transport mortar, mix and transport concrete, handle 
lumber for falsework and forms (including demolition), handle steel, 
coal, broken rock and back fill. Several of these items should be 
carried out at one time to execute the work economically, which 
gives preference, as a rule, to derricks rather than cableways. 

Capacity and Arrangement of Plant. —The concrete mixing plant 
should be consistent with the size of the work and efficient for the 
purpose. The capacity of the mixing plant is determined by the 
amount of concrete to be placed and the time available for placing it. 
Its division and arrangement are determined by the size of the 
work and the type and arrangement of the plant for transporting 
the materials and the mixed concrete. In other words, the arrange¬ 
ment of any concrete plant must be determined by local conditions, 
such as the contour of the ground, the distance from which the raw 
materials are transported, and the class of construction. Concrete 
mixers seldom have enough power behind them to produce their rated 
capacity. To get concrete to and from the mixer is more difficult 
than to mix the concrete. 

Everything should be arranged in such a manner that the materials 
will find their way automatically, as it were, from the unloading teams 
or cars and into place in the forms with the minimum amount of 
hand labor, all things being consistently worked out with the layout 
of the grounds and the structure in prospect. 

If the reader is interested in the design or in the arrangement 
of plants for handling the raw materials and the concrete, he can 



Mixisa coxciacrK 


1B5 


ohtaiin ai (icscripium ol* nuuiy plants, su('(n‘sst‘ul and (economical in 
op(‘ratioin from almost any of the standard hooks now puhlislnHl on 
tlu^ subject of Concrete or Ucdnloi'ctMl Concreiis and in tin* volimues 
of Knfjineering and ('ontmetinu^ KmjinvvrhKj Nt'iuSf and Kntjinvvring 
Revard. 

Tiu' followinijc ^ern'ral principles nuiy be laid down: 

Location of Materials, —Tim sand, broken siom‘ or ir^’avtd and 
ceimetit must be lo(*ated where tliey can be dumped from wa^oiis and 
with one handlini*' deliver(*d to the mixer or iiu‘ mixinij^ platrotau. 
Location of Mbcer.— »The mixin|4' should be dotu^ as near the place 
whcuH‘ th(' concrtde is to be deposit( hI as possible, so as to avoid 
having' to carry it a Iona: distance. It sliouhl also l)e done ns n<*ar as 
possible to the place wh<»re tlu^ iiiirredicaits are stored. In buildini^ 
work tlu^ mixitij^ should be done at a point on tlu^ irnnuul wliich is 
directly under the fonuH beinij concretesL Of eourst*, it is iniprae- 
tieabh^ to scumre so din'et a routes as this from mixt‘r to forms, l)ut 
it can be inon‘ or l(‘ss elcwely approaclual, usiu*^ two inixtu’s, for 
example, one at the front and oiu' at tln^ rear of a buiblinKb cuitinft 
dowti tin* haul fnmi hoist to forms one-half. In other words, the 
rnixiiiir should be done* as near the' place of concr(‘tin.ir as pract icabh'. 

(’are must be takem to st't' that wheelbarrows, dump-earlH, or 
what('V<»r (‘onvt'yances for the materials are us(*d luive easy acct'HS to 
tlu‘ mixer or t(» the mixing box. 

Gravity Handling of Materials.— -Tlie most possible use of gravity 
sliould be mad(‘. It is frecjueutly economy to <»arry all mattudals to 
the tops of bins, from which points they can move l^y gravity denvn 
throngli tli(‘ mixer to the hoist buckets. That is to say, the materials 
sheudd he stored higli where possihle. If raiscHl to Inns, wlien deliv¬ 
ered on the job they may he drawn emt with use of little labor. This 
Htoritig of the* materials may oft cm he dont' by the tise of eranes or 
by inclined tdintes. It is betb'r to handle the materials in tliiH way 
than to dump them tm the gnnmd and shovel them up. Thc»y will be 
cleaner, and tlie stone is less likely t(^ nm irregular. 

If |>os«ible, the mixing should be clone at a higher levcd than that 
at which the concrete i« to he placed, to avoid liftiriuf materials, m it 
is easier and cheaper to lower matcwialH than to raise tlunn; in fact, 
the cc»ncn'te may Hometiiiies he slid tc^ place down a trough c»r chute 
{see Art. .15), or the mixer so pbu*ed that tlie malerialK na»vc* con- 
tinimlly down hill. In other wairds, where natural elevatiouH or 
baHemenf floors biilow'* strtait level, etc., pc*rmit gravity handling, tliey 
should be taken iidviintagf^ of in evi*ry instance. 

One mcdimtl <»!* raising materials to tlic' mixer is to use an incline 
with a gnuity dumping-car to materia! pile. This is drawn up to 
the mixer hy cable from the ndxcr engine or of Iter penver, and 
allowcfl to return by its tiwn w<*lght. 

Care of MacMaary.-- The best rcHults can be olitainml with all parts 
of nmcliimu'y am! iMcilciH put in good condition licfore starting the 
work iind kept in gcaal ri'piiir throughout tlie period—don’t wait for 
breakdowns before repairing. 
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CONSISTimOY OF CONCEETE 

Terms for Specifying Oonniitency of Coiicreti. I’lir ti-iitK fur 
specifying’ the* consist ciicy, or ilcii'i'ci* i»f uf fri'Hliiv mlMnl 

concrete an* variously umhI by ililliTeiil iif*,fi!i*'i t s. luti flu* follott 
terms are very commonly used It) desigiiiife the rmiHt^tnify nr d«“!ree 
of plasticity of ct»nerete. t. e., drii» iiirilitiifi, aiui irrl, ch*eiisii»iui!ly 
the terms dry, wet, and very wet are used* 

A drif mivtHrr may bi‘ fleM*ribi‘d im iimittif the ritiLMiHtriit*y of 
damp or moist earth. If will retiiin its wlieti >ii|iierred in ilm 

hand. It is mealy in etiimistimey, with tin visible sii|Mniiliiiiidiiiiee of 
moisture, just enough wafer beiitig used to siiti.^fy I lie iienlH of tfni 
cement in settbm; tliiit is, only i»iil!leiriit iriifrr to niiisr ilw 
sary chemical action rtHfuiretl for ttie setting of tin* rmmmt. Moiniiire 
will just flush to the snrfiiee tinder |irol«iigeil iimi ugopiiis riiiiiiiiing, 
and then simply in n trlisfeiiiiig film. 

A medium or quukiun mi.rture meiiiis a sufl, teniirifniM^ jelly like 
consisteney, which sliiikes or tfiiakes like liver ur Jidly on nifiniiiiiir. 
Water flushes euisily to the Hiirfitee, Siieli ii itii%iiire duri imt in 

handling, nor umler ligfit tiuiiping* Imt tie well or liemiH* 

A wet or muHhff mirtHir is one wliirli be niid iiitu 

which II man sinks tt» hm iinkles or filiore in wfilkiim wer if mi 
thin as to flow t^tisily, ft has tlie r*ifi.^i»4triiry of \ery Miff iiiurtiir 
and is so tiearly liquid that it eiiiiiiiit reiiilily nboirli'il, tmt 
poured into forms; tliiil Is, it wdll ritti of? ii ^innel >*4||oirlei| 

very ({uickly. It will spreiitl citit iiiiil mith* to ii l»ni*| #iiif#ioe filler 
whetding about 'ift feet in a wlieeltiiirrinv. Wei rMiineie will i|iiiike 
in handling, and into It itn ordiiiiiry niitiiiirr will ^iiik of tt% own 
weight. This iiiiKturii Is »otiietiiiie« riiiinl **#it«i|iy** eoiierrte {*4t^i 
page 195), 

Th© Proper Oonstetoncy, or Witatii, ©f Oo»t:rilf. Tliere k nui. 
siderable divm'Hlty of oiilnioti fitwisif eiigiiierm 11*4 1*1 tlio imumut of 
water to be used in milking etiiirreti% tifiiiie fu tlie \i»ry 

dry mixture, wlille othew prefer tme iienriy iw iii|iiiii 11 ^ At 

present only compariilively tViv iiflvoeule tlie iiii* itf «lry efuierrle, 
and most engineers pridVr it pliwtie nr f|tifsliii|i 1111 %!iinn btif ii roii* 
side.riible number use it or euiirreltn Tim,# it will Ito 

tlmt the prtjper consisteiiey, nr of rmirrrle in n 

point among enginoew, bitt iii rtwiit yeiirfi tlim* lifin tiepii n i|peiiit'*«l 
tendmicy toward fit© tise of ititire muter tliiiii fnriiiiu'ly. In furl, llitwe 
has been a marked temiency In llie pa'^t mweii yr.ii 4 iloiiii i:ii |»i 
the use c^f wet or ‘‘musliy’’ cfitirrcte, liisii few eiiiriiiprr# firrfrr 
dry mixfnres, mdiilti the ineilinifi nr griiiiiiiillv gtiing wav 

to wet mixtures. In generiil, a wet fti}%tiire in iirder to 

make conerete tvitli a m miff in in of Few rfiiirri*te 

approve of dry concrefe* if n |%wf iiilviiiitiitfe# iii 

mass or Imavy work, m ftietififiiied nii fiiife tm. 

Formerly, when ma« cfitierile wiw ||i•llli| nii iIip lind mmh*, very 
dry concrete was generally Kpeelfleil, Tint tHmuml, litiil liiiikrts 

stone or gravel were diim|amed fii 1111 rvteiif flial n 
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when S({net*/,t'd, wtnihl its shape, hut (h(» hand would not be 

wet or staimai and the Imnp utndd tail to pitaa^s vvluni shakcuu It 
was lik(' moist hi'uuti suuar ur damp lairtli. W'lum “dry” eon<'i‘(‘te 
was depositcal in tonus it was re<|uiri‘d that it h(‘ tampial or rarnnuMl 
until the moisture rose to the surfaei* ami tin* eouertdt' <piakt‘d. U 
was nailly remaikaldt* to soi* imw little water was re<iuir(‘d to mak(' a 
niushy-lookinu <'onc'ret«‘ aTtm' eonsitlerable rammiuij;', but tin* manipu- 
laticm heeianes so ilitlieult with dry e»uierett‘ that quaking' eonende 
soon ht'eame etmuiitmly <»r almost univtu-snlly uscab and at pn^sent 
there is a lendmiey in t*\ai‘‘4erate the amount of water. In o(h(*r 
wor<ls, the lemiimey In all kinds <d’ eonerete eonstruetion is to use a 
wtdtcu* mixture than tornierly. 

(kmerete slumld he mixed as wc*t as possihk* without having’ any 
frtm waltu’ to wasli the etunmU tdT tlumslone. The usiiul pi’aetiec' is to 
make the eoiisisttniu*y sueh tiuit tlie «'oneret(‘ will !H‘(|uirt‘ only mod('rat(* 
tamtnng or puddliny to brlni^ the mass to a homogen(‘ous eondition. 
Any !uan wIh» nd\ot*ates iKiny' eonende tlrim* than this has not k<‘pt 
up with the adumees of enuimsu itiu' ktiou hslgt* in tlu* last lew y(*ars. 
If, howe\er, the migiiie«*r rcspures dry eomu’etis the insp(Hd<»r should 
stH» that Ih* yets if, 

Ooiiiiitency of Concrete for Various Structures. Tin* pnqxu* 
<leyrt»e i»f wetnenH dep*nids tipon the purp«s.se ftu* wITudi tlu' eonertdci 
is to he UHtnl, Tile follow iiie; is pri‘senti’d an n general guidtn 

Drii rnnrrtif may lit* usecf in dry liundions for mass fouiHlaiioim 
wliieli iiiiHf withsland sinere e«miprt‘Hsiv(^ sfrain within a fc*w we(d<s 
aft«*r plaeing fset» pagi* lh*y eonerete should la* spr<*ad in laytu’s 

not over b ill. tliiek, and thoronvltly riimnuMi (six' pagt* 2b(>). 

Malhtm or tpnthiHii mtnnfir may bt' nstnl for ordinary mass 
eoiiertde, Htn*h iiii fonmliilionH, retaining walls, largt' arelu's, abut¬ 
ments and |»if*rs. 

ITrl c»r mu^hii rmin'rle sliouhl invariably be ns<*d for rnbbh' eon- 
ercdi' (see Art. dll iiihI for reinf(»reed eotiereb*, Hindi ns thin Imihling 
ualls, eoItiiiin.H. tloors, e«iiididls, and tiitdiH. 

Coniiitency of Ediiforcod Concrete, ( onerete Hlumld 1 h» niixcal 
wad when itpplied to nndii! riniiforeennmt, being so mixed that it rnuHi 
be liiiiidlf*d ijiiiekly or it will run off the shovel, or ho that it, will 
iiHsimn* II level f4iirriiee wliiai dtiiitped into a wfundbarrow arnl wluudiMl 
lihoiit 2a ft. Tile eiitistMtetir*y of I lie eonerefi* shoubl lie soft and wed, 
wdllitni! being sloppy, iitid in if^iNU'iil should he nueh (hat after 
diinipliig tin* eonerete in the forniH it may be eonsolidated and 
worked iiilif plaee by ini-aiis of puddling or light tamping, as tb*- 
seiilieil nil pitge 2!*Ci. It esHeiilial that the (amereti‘ should Im 
Hiiflieieittly wid to pii^s between the reiiifori'ing bars, parfietdarly 
ill stief} portiiiiis of ti«e work as may eontain ii large* amount of 
ridnforeing Imm^ nr the like, pbieed elo^rlv togetfier, and to llmrongldy 
Hiirroiiini inery of flu* sli'id. 'idits should he iimiirml i‘Ven at 

file inpeiisi< of Initiiig the eoiiende widler than otherwise desirahle, 
rare fjiitwl 111 * tiikrn, liuwiner, that tin* eonerete is md /no wet, so 
that the ^fotie ii!id '♦iiiiil ^elIle imder the walf»r during its trann- 
IHirtiitioii III I lie fortiis or iifler beiiiii: plneisl in the forms. 
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INSPECTION OF FEOPOFTIONING CONCEETE 


In other words, the materials should be mixed wet enough to 
produce a concrete of such a consistency as will flow into the forms 
and about the metal reinforcement, and which, on the other hand, 
can be conveyed from the mixer to the forms without separation 
of the coarse aggregate from the mortar. A good concrete worker 
can tell whether the concrete allows of easy tamping and runs freely 
around the steel bars. Where the reinforcement is not very closely 
spaced it is unnecessary for the concrete to be so wet. However, 
what is usually known as a wet mixture should generally be used 
for reinforced work. In other words, the mixture should be mod¬ 
erately wet, and no very wet nor very dry concrete should be used 
without special permission from the engineer in charge. 

Concrete must never be mixed too wet and the cement drowned 
out. The tendency of the contractor is to make it much too wet, 
the cement then being washed to the lowest point of the forms, 
and the rest of the concrete suffering in consequence (see page 105). 
Mixed too wet, concrete never attains its full strength. The mixture 
must not be so thin that it will seep through the joints in the forms. 

WET VS. DRY CONCRETE 

A consideration of the following principles will be useful in 
determining whether to use a wet or a dry concrete: 

Quick Set and Early Strength. —Dry mixtures set more quickly 
and gain strength more rapidly than wet ones; therefore, if a piece 
of construction is to receive its load soon after placing the concrete, 
it is best to use a dry mixture, if the conditions are not such as to 
render such a mixture harmful for other reasons. In other words, 
the drier concrete will attain its strength sooner than wet concrele, 
and if quick set and early strength are desired, dry concrete should 
be preferred. Forms may also be removed sooner with dry mixtures. 
For quick strength use as little water as will make good concrete. 

Mixing. —^Lean concretes should be mixed rather dry, since if quite 
wet the cement will find its way to the bottom of the layer and 
destroy the uniformity of the mixture. Lean mixtures require more 
mixing than rich ones, because it is more difficult to distnbute the 
smaller amount of cement through the mass. Dry mixtures recpiire 
more mixing than wet ones; and therefore if the concrete is mixed 
by hand and the supervision is insuifieient or the labor is careless, 
or if the machine by which it is mixed is insufficient, wot mixtures 
are to be preferred. However, the liquid state of the concrete may 
make^ an insufficient amount of mixing appear to be enough; so that 
practically as much vigilance is required to insure the proper mixing. 

In mixing concrete there is a tendency for the cement to ball up, 
or form nodules of neat cement; while in mixing wet this does not 
occur. It is not uncommon in dry work to find in the interior of 
walls, when, torn down, lumps of unset materials which had been 
rolled up into balls coated on the outside with cement, these balls 
having been formed during the mixing process. When a large amount 
of water is used such balls cannot form. Dry mixtures are much 
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more' liable than \vt‘l otu*^ to hall evcai iu inixini*: nuieluu<‘s * that is, 
to gather iu lumps, as the materials will not tlow well without the 
lubi’ieating water. With no water whatever iu tlu‘ mixta* there 
would Ixi no eohesion and ilu* material would mix, whta’iais a litth* 
wat(‘r would | 4 ’ive a eolu‘siou that may result iu the balliu.y: retVrrt‘d 
to above. It may be lUHH'ssary iu somt* eases to mix tlu' materials 
dry and tlum add the water, i^iving the mixer a few mori' turns (Ht*e 
paa’e 171). Whih‘ haml mixin|.»: iu |^:(‘ueral is less satisraetory than 
maehine mixing*, it is possible that iu some eases for very dry mixturt*s 
hand mixing will produet^ bettc^r eonerete. 

Handling and Placing.— The iueonsisteuey of the mixture will oft*m 
govern the methods of liandliug and depositing. Witli a tiry mixture 
tluu’e is a tcmdtmey for st»me of the stone to separate from tlu* mortar 
on the slight(‘Ht provoeatitju. Great eare is necessary in hadliug 
and placing dry concrete to secure a uniform mixture ihroiigluntt 
the Hlrueture. One of the arguments against V(n*y dry inixturcs is 
tlH» dillleulty (»f obtaining a miiform consistemey. Oecasumnl batches 
will invariably b(» too dry, and It is impossildc', witli ordinary care 
in placing and rnnutung, to avoid visible xafids or stone pockets which 
tbrm weak places and allow tlie penetration of w^ater. (Sca^ page .’MH.) 

With a w<‘t ituxture then* is less tetuhaicy fc»r tin* niaieriak to 
separate. In tin* days wlH*n dry ccmcreti* was cmnmon it was tadieved 
tliat an excess of wider caused tlic» materialH tc» wgau’iite and tlie 
cemc»rd to sc'ttle to the bed tom. Tliottsamls of tests iuive demormt ndtal 
that there is nc» tendency on the part of the cemt*nt tt» settle t<» tlie 
IxdJiun and separate from the aggregate and sand if tlte coneret<* Is 
of the proper etmsistency. Mixtures too wel, however, will mgiarnte 
and the cement will go to the hot tom, or the imudar will run away 
from the stones. This may appear an imaginary <lauger to many 
users of camcrede who have never employed a very wc*t conwisteney, 
hut tiie author hm seen concrete mixed with to<i mucii water, witich 
after setting and the rtanoval of the forms Inul the appearance of 
!)eitig mixed too dry. Tliiw applies to very wet concrete, wliieli 
eontaiiLH so mneh water that with ordinary eiire in hand mixing it 
eanued be made to ineorporate %vitli the other materials. 

In tliiu walls very wet eoneride ean be rticu*e easily **joggled^' 
into position than dry eonerete, and will give a smoedher surfaee, 

Rammini or Ttmplng.—Wet mixtureii can he compnefed Intti pliice 
with l«*ss idTorf than dry. Dry eonerete re<|uireH rarntning tir tamping, 
cd.herwlKi.i It will he weak and porous; the drii*r thi* coneride, gencrnlly 
the lieavier the tumping neciwMiiry. Therefore, if the eonerete caniKit 
he riininif*d it slmuhl be mixed wad and tlien the stones by their own 
weight wifi bury tliimiselvcH in the mortar and the immlar wdll flow 
into the voids. Dry eniierete for tliis further reason is misiutitble 
in reinforced concrete Wf»rk, Tamping around reinforcing «lcc! i« 
very likely to dispbice the iitiMtl as wtdl as to disturb w spring tlm 
fc»rnm. The ctmcrele fircaind tlie reinforcement slnadd be wtirked 
info the spaces by puthlling riither than by tamping or riimming, 
and tlit» coiwistcncy i»f the mixture slmubl he such m to admit of this 
operiiticJii (mn* page IIMI), When eonerete him to he Ihorcnighly 
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coticrdt' to use with rrinftout’mrHt. Otlun* \V(n*ks than reinrarcaal 
('()n<*r(‘lt‘ (la iiol utnua'ully r(Mjiiit’i‘ siu*h \v(‘l iiiixiiirt's. 

Rubble Concrete. A dry ndxlurt* is milii Cor usa in nihhh* ran- 
ar ('aiHundt^ ruhhks Inn'iiust* it will not (law around tlu' larjj;*e 
sfaiu‘H and roaf tfnaii witli raiuanl. A v<‘ry wat inixturt* is inor(‘ 
suitahh* i’or aytdopcan ar rnhhh* cancrotts because* tin* lar*;’^ staiu's 
man* readily settle into place* and b(*d tlu'nisclvcs. 

Water-Tigbtuesg. Dry ar mealy coticn*ie is imllfc to use in walls 
that are* tei ke*f‘p out moist lire, as it cannot be* rammed to a very 
dc*nse mass. A m<*aly concre»te wall allows water to How tbrouirh 
it very rret*ly. Work that is to be watei'f>re>of or n(*arly so should 
be made of a wet mixture (set* Art. 47) and should be puddled, as 
in the* (*ast» tef rt*inft>ren*d eancrele% to work out air bubbles and to 
sedidity the* mass, I17irw it la tionired ttf make vourrrte waterproof 
it Hhiutlti he’ pni.vrd wrt, A |rmd excc'Hs of water must be* avaid(‘d, 
as it not tudy makes the* eancrt'tt* ptu'ems, anel t.here'fare* weak, but 
also tends to elestroy the cement liy the washing out of (he* tbu'st 
partich*s, 

Bbrinkage Cracks,.-'■ I f eamcrete in mixed too wt*t it will shrink 
an exci‘Hsi\c* anitumt tm st*ttiim am! dryinir* This may ^ive rise* to 
shrinkiere cracks or olh<*r tremble (bat such ebanire of ve»lume would 
naturally leiui to. 

Formation of Laitanc®.—If tlie concrete is mixed with a g^’cat 
a\ct*sH of fsbippy concrete, ftir i‘xample), w!ic‘n it is eU*pe..mite‘d 

in place the exeess of water will rise to tin* surfaee* and earry with 
it the finest <»r active* particles of ceme*n(, which will de‘(n*e‘as(* the 
strenudli of the concrete and also elepewit upem tiu' surfae'c* of the 
mnsH II Hi:!tt“Ctdori'd penvdt*ry or slimy substance*, call(*el lailunct* (He*(* 
Art, HI). This siibstiince is compemeel of abemt the* satne iu^nHMlients 
as the cenieiit, but it does not harden as the* c*e*ment, n*maiiiin^^ rathe‘r 
in a mdatiiumM state. BeHitlcs tnkitiir frotn the* ee*me‘nt usc*fnl e*le*men(s 
tii'celed in the <*oiicrett*, the Initance, if imt r<‘move*d, will pre*vent the* 
adliesiem etf the next layer «if ceuicretc* liy lenvinir a llbn iii the* 
concr«*te where it is lait bonded feimdlun* ns it slumld. 

Oliring.—Dry mixtures re<|nire more weltinir subseejiieut to placiu*^ 
than wet niixtiiiw, beeaiiMi t«» set properly re*e|uire*H a eertalii arnenint 
of water. If this is ii<»t nil supplieel In the* inixin|,^ it shoidel Im 
supplied iifferwiinL In other wimis, eemerete re*epurt*H wniter in 
ordi*r to set find liiirilen properly, so the* tieecssary water must bt! 
supplied Infer if it m not supplied elurinif the mixinir perieid (sem 
Art, 211). 

Stroaftk—A« to the atfiuned by wet ami dry mixtures, 

tents been iiiado ivliicti sliiov that the dry concrete* he*c(mu‘S much 
«lroii|o*r in a slmrt period of time. That m to Ha\, it is found that, 
driven ft iiiiiitlier of siiiiiples of different eamsisttmey, tlie* drier mix¬ 
tures will lit first sliiiw tfeitfer strenidli, In either we»r<lH, dry coner<»tt* 
olifiiiiis a e’rrtiilii liripi’e of sireiiiclli in a short <t time than it fake*H 
met e'oiicretc to obfjiiii I fie siiiiie strem^fh. Afte’t* a few elays the 
iiiixtiirrH iiiutiiir iimre liter will attain the strenglh ed’ the* drier 
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tamped, it is hard to li,ii’ur(‘ on tlu' strenjj^’tli t)!* fonns, ;uui imlirini^ 
forms may be. common. With wet eonerelt* the pressing* is al\\u\H 
uniform and can be calculated and the forms desi.uiusi a(M*ordiui‘l\. 

A rich concrete can be compacted much easitu' than a lean mw, 
and hence rich concretes can be mixcal dri(‘r than lean ones. Tlu* 
quaking!: of concrete is due more to tlie excess of mortar than tin* 
excess of water. 

Gravel concrete can be more easily compact<‘d tluin broken stcme, 
and hence may be mixed drier. 

Water-Tightness of Forms,— With concrete too wet, tndess flte 
forms are very close, approximatin*** water-ti|^htness, licpiid nuular 
will be wasted tlirou^'h tlie cracks or joints. Tliis is a fault some- 
timc's nu't with in concrete work, nanudy, tlie mortar beini^ too 
watery a consistency, or the forrtis lackin|»: the pr(»per tiyiitnesH, luif 
only results in a waste of mortar but mars tlie appeanuiee of llii* 
finished work !>y leaving tin* concrete sponiry or with !udt*H wliere 
the mortar lias l(‘nke<l out. In other words, if wet concrete is 
depositc‘d in wooden forms, tliere is liability of tlu* wafer esciipiiii.t' 
between the joints and carrying* away part of the emien! am! thus 
weakening the face, which .should he the s(n»ngeHt part of the iiiiiss. 
This may give the npptuirnnce of dry eonerete, whereas the eitiHi^ is 
just the opposite. Dry mixtures are of advantage lieeause the ftoiiis 
tuual not he as tight, hut more mixing of tlu* dry materiiils iiiitl iiiure 
tamping are re(|uired as stated above. IVhera a lecl rnnertie in anni 
the forms should be nearli/ water-tight, 

Eeinforced Concrete.— When tlie eonerete is reinforced, dry eon- 
ereie eannot he used, for it is absolutely essential timt there h«* no 
disjdacement of the steid or disturbance of the bond hetwieii ilie 
steel and concrc*te. If tlry eonerete with the neeessaiy riiiiiriiifif4’ 
or tamping is used, the* stcud will generally he moved ii little liitd 
the bond between the stead and the Hlowly-sefting eonerete will lie 
disturbed. Dry eonerete is also unfit for reinforei^d work, m It mdll 
not flow around the steed and coat in with cement. liecitiipe dry eiui- 
Crete is porous, tliere will he voids around the reitifiirceirieiit iw well 
as in the other parts. Tlie steel is tlitin deprived of tlie |irciterliiiii 
which the concrete must alTord if tlm comhhiafloti h to Ini 

For rednforced conerede* work them rniwl he foiiiid n iiieitti hetwimi 
too wet a concrete and too dry a concrete tiiat will iiieel ilie eiiiiiit- 
tions. The proper mean is not a mixture nuuliiiin in ciKi;!^ifiiff|iry* 
hut a very wet mixture. It should flow readilv umuml llie reiiifiirriiig 
steel, and require little or no tamping, iind at the wiiiiti finio puck 
nroimd the steel, covering it with cement. of f|||i| 4 n minmim 

are of prime imfsirtnncc^ in reinforced eonerete. The ndiifiuTeiiirfil 
will not be gripped as firmly in a porotw eiinmde m In ii ileiuie 
concrete. Wat concrete shrinks more thim dry eiiiicrele on seftiiig 
and drying, and is an aid ratlier than a detriment in rpiriffirmi etui* 
Crete, because it wotjfd grip the steel. Dry ennerete lark^ riilie^imi, 
and the coliesion of eonerete lias miicdi to do witli tlie grififiitii; of flu* 
steel. Wet eonerete, wliivh /laws rrmiilg urtatmi iht »lrrl, in Ihr only 
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vanrrtif in Hst' iviHi ffiufnrci'mt'ni. Otlu‘r works than reinftaviMl 

eoneroto do utsf litaienilly iHnjuii'e sueli w('( inixturt's. 

Rubbte Concrete. A tiry mixture is unfit for list* in rubhh* eon- 
ereft* or eouerefe rulihltx hoeuuse it will not lli»\v around tin* larji't* 
t^UmvH and t*ont them witii eeim*nt. A vt'ry wtd. mixture is mort* 

suit aide for eyelt»|u*an tir ruhhh' eonerett*, heeuuse tlu‘ lar;j;’e stont's 
nmre readily .He!fie iutt^ plaet* and bed tlu'mselves. 

Watar-Tightaeii, Dry or mealy eonertda* is unfit to use in walls 
iliiit lire !o ki*ep out iiitiisture, as it eanmd be rammed to a very 

dense muss. A iiiealy etuierete wall fdlows water to flow throuirii 

it very freely. \V«>rk lliaf is to be waterpriad’ or nearly ho should 
be iiiiidt^ id’ a we! mixture (set* Art. 47) and should be piuhlhuU as 
ill till* eiine of reitiforeed eoneret<% to work out air bubbles ami to 
solitlily file iiiuhs. Whtn it m demred to makv vonvretv ivatvrpnmf 
U »hintld hr mirrd mi. A |ri‘i‘id exeesH of water must be* avoideef 
IIS It fud only makes tin* emierete porous, and theridbre weak, but 
jiho teiids to denfroy llie eement by the washing’ ont of (lie finest 
pai I teles, 

Sliriiikafi Cracks..If eonerete is mixed too wet it will shritde 

an e\reHHi\e iiiiioiiiil on settitm and dryiny^ This may irive risi* to 
eriiekn or other trouble tliat sueli elianire of volium* would 

iiiiliiriilly loiitl to, 

Foraatloa of Laitanco.—If the eonerete Is mixed with a great 
inreHs of uliter f sloppy eolieretis for example), wluni it is deposilml 
ill plitre the meesn of m'liter will rise t<i the Hurfaee and enrry with 
it till' fiiient or iuiivi* part teles of eement, whieh will deertmse the 
fdiiuiidlt of llie eniierete am! also deposit upon tlu^ surfnee of tlu* 
iiiims ii li||til*ei*lored powiliuy <»r slimy suhstanee, ealied laituiiee {s<*e 
Art* dl), This sttb«tiinee is eomposed of about the snnu* ingredients 
m the reiiieitt, iiiit it floes mil liarden as the eement, remaining rat lieu* 
ill II ireliitifioiH stiilr. Besides taking frtun tlie etunent useful (denuuilH 
ill the eonerete, the liiitfinee, if not removiul, will prevent tin* 
Ilf the next liiyer of eonerete hy leaving a film in the 
eonerete mliere it is not liciiided together m it sliould. 

Otiriaf.- Dry tnixliires reifiiire miire wetting snhs<*f|uent to plneing 
lliiiii net iiiixltiies, heeittisti to set properly rec|uirf*H a eertain amtmnt 
Ilf miller. If lids m tmi itll imppliet! in tlie mixing, it sliotdd he 
Hiifiplieil iiflermiird. lit olltm* words* eoiierid.e retpiires water in 
ttiilrr to *iel iiiid liiirtlrii ppiperly, «o the neef'Hwiry water mimt he 
siifi|ilie!| inter if it m Hot ntifiplied during tiie mixing period (nee 
Art. 2PB 

Slriaftk.-’-Ai to tint Ptreiigtii attained hy wet ami dry mixtures, 
irffiti lime hmm iiiinle wliieli show that the dry eonerete heeomes mneh 
siriiiigrr III a slum! period of time. That is to say, it is fotimi that, 
idirii n iiiiiiilier of siiiiijiles of different eoimiHteney, the drier niix- 
|!irr< Will 111 sliiitt’ greiiter sireiiglli. In fdlier u'ords, dry ecuierele 
It rrttiiiii ili’gree of itrefiKtli in a shorter time than it takes 
ttot riiiiereti^ tii iililiiifi lli«» wiine streiigllh After a few days the 
mhtmrH liiiiiiig iittire mater will iiflatn tlie strengtli of the drier 
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ones and begin to surpass them. Wet concrete and dry concrete 
placed in the same day are of practically equal strength at the end 
of 30 days, but at the end of the first five or six days the dry concrete 
is the stronger. After 30 days the wet-mixed concrete gains rapidly 
in strength as compared with the dry-mixed concrete, the latter 
picking up in strength if. wet with a hose or otherwise drenched with 
water. Three months after mixing the wet concrete is much stronger 
than the dry concrete, and it always retains this advantage, but as 
the years go by and the dry concrete has an opportunity to absorb 
moisture and the wet concrete gradually loses excess moisture, the 
difference becomes comparatively small. 

In general, the more water used in the mixture, the longer it will 
be in attaining its full strength. Medium and wet mixtures, after 
many months, reach about the same strength. Very wet and very 
dry mixtures are both weaker on long-time tests than those in which 
the consistency is not excessive. 

Dry concrete is not stronger than wet concrete. Thousands of 
experiments have conclusively proven this idea to be wrong. The 
wet mixture if allowed to harden for a long period will ultimately 
become stronger than the dry mixture. 

Conclusions.—The conclusion is that dry concrete must be em¬ 
ployed where great strength is required at an early date; but it 
must be thoroughly rammed or tamped—a thing difficult to secure 
with ordinary laborers. Dry concrete is advantageous for the first 
layers in wet excavations. The drier the concrete, the closer the 
inspection required when the material is placed, there being a tendency 
for some of the stone to separate from the mortar on the slightest 
provocation. Experiments show that dry mixtures attain their 
strength more quickly than wet mixtures, but that medium mixtures 
produce a denser and stronger concrete, and, except for reinforced 
concrete, are to be preferred to wet or dry mixtures. In other words, 
plastic or quaking concrete is suitable for plain concrete in large 
masses, but care is required to secure a solid surface. 

Wet concrete is more economically placed than dry concrete, for 
it is mixed in a shorter time and requires little or no tamping. It 
settles readily into all corners and crevices, and thus presents a 
finer appearance on the surface. The wetter the concrete is, the 
easier it will be put in place. Better appearing work can always be 
done with a flowing concrete, and will usually give a solid surface 
next to the form without any special care. A wet or mushy mixture 
must be used for reinforced concrete. For permanent strength and 
low cost in mixing and depositing, use wet concrete. Wet concrete is 
much more uniform in strength than dry concrete, and plenty of 
water is required to harden concrete. 

Concrete should not be too wet or too dry. If too wet, it will 
shrink an excessive amount in setting and hardening; if too dry 
when placed, it will not be dense, as the mortar will not run into 
the spaces. It is better to use too much than too little water, but 
mixtures that are too wet are not so strong as medium mixtures, and 
must be promptly poured to prevent segregation of the materials. 
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In fact, mushy or fluid concrete is considerably weaker than dry 
concrete, and requires tighter forms, but does not require any tamping. 
For general %isej concrete mixed wet is better than a dry mixture, 
although the amount of water which should he used is not the same 
in all cases. 

QUANTITY OF WATER REQUIRED 

No hard and fast rule can be laid down to gauge the proportion 
of water required for concrete. The amount of water required to 
produce any particular plasticity or consistency varies so greatly 
with the proportions of the ingredients; the kind and fineness of 
cement; the character, porosity and dampness of the aggregate; 
temperature or weather conditions, etc., that it is almost impossible 
to give any valuable general data. It is not customary to specify 
the amount of water to be used, unless the proper consistency and 
the amount of water required therefor have been previoinly deter¬ 
mined by trial with the materials to be used. The following con¬ 
siderations or points influence the amount of water to be used and 
must be borne in mind when determining the proper consistency 
for a given purpose. 

Kind and Fineness of Cement. —The amount of water to be used 
varies slightly with the kind of cement. The amount of water will 
also vary with the fineness of the cement—the finer, the more water; 
but this makes less difference, as a general rule, in concrete mixtures 
than in neat cements and rich mortars. It is very important that 
Portland cement should have sufficient water for its complete hydra¬ 
tion. Natural cement requires less water for hydration than 
Portland. Cement is a sensitive substance, with a definite capacity 
for water in the process of hydration, and either deficiency or excess 
of water in the operation of mixing handicaps the function of the 
binding medium in direct proportion to the magnitude of the error. 
Fine cement will require more water than coarse. 

Character of the Aggregate. —The amount of water to be used 
varies with the character of the aggregates. Gravel mixtures will 
in general require less water than broken stone mixtures, since they 
usually already contain more or less moisture, are less porous, and 
contain less dust. Large sized aggregates require less water than 
finer sized. Pine sand mortars will require more water than coarse 
sand, as the voids are greater; but, on the other hand, they are 
usually wetter naturally, being, because of their fineness, more reten¬ 
tive of moisture. Mixtures free from dust and fine material, besides 
the cement, require less water than dusty, loamy mixtures. As the 
aggregate contains varying amounts of moisture in the diferent 
parts of the stock pile, and as the stock pile seldom is perfectly 
uniform throughout, no hard and fast rule can be laid down for the 
requisite amount of water. 

Porosity of Aggregate. —The amount of water should be greater 
for porous stone. Some crushed stones absorb more water than 
others. Sand from absorbent rock will require a larger amount of 
water. Dense aggregates require less water than porous. 
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Dampness of the Aggregate. —The water should be varied with 
the amount of moisture in the sand and the stone. Remember always 
that after a rain less water is needed in the concrete. If the sand and 
stone were thoroughly wet before mixing, the amount of water would 
depend largely on the amount of cement in a batch, as moistening of 
these will lessen the amount of water required to be placed in the 
mixer. Moist materials require less water than dry. 

Proportion of the Ingredients. —^I.ean mixtures require less water 
than rich ones. The greater the proportion of cement, the more 
water, since the main function of the water is to put the cement into 
solution and to hydrate. The minimum of water obviously will be 
required by the best graded mixture, containing the minimum amount 
of cement necessary to produce a given result. Rich mixtures require 
more water than lean ones. 

Consistency of the Concrete. —The quantity of -water required per 
cubic yard of concrete will vary -with the consistency desired (see 
page 186). 

Form and Size of the Molds. —The quantity of water varies also 
with the form and size of the mold. For molds (or forms) of small 
dimensions, more water is required, in order that the concrete may 
properly enter into all corners and surround the reinforcement (see 
page 190). In forms of large dimensions the concrete can be more 
readily tamped. 

Temperature or Weather Conditions. —The quantity of water 
varies with the temperature. On a hot, dry day, more water must 
be used to allow for evaporation (see Art. 32). During cRy, hot 
weather a wet mixture may be used to the best advantage, so as to 
allow for evaporation. In cold weather, although heated water and 
heated sand may be used (see Art. 33), there are more chances for 
freezing with wet than with dry mixtures, therefore a dry mixture is 
preferable. For disadvantages in using dry concrete, see page 192. 

Determination of Proper Amount of Water to Use.—It is inadvis¬ 
able to lay down any definite rule as to percentage of water to be 
used in mixing concrete, owing to the varying conditions which obtain. 
The proper amount of water can be determined only by experience, 
and must be varied from time to time to suit the conditions of the 
weather and the nature of the work. The amount of water used in 
mixing should invariably be approved by the engineer. The amount 
of water per batch should be determined in consultation with the 
superintendent, and when so determined the contractor should be 
required to keep the consistency unvarying. In other words, the 
water should be measured, and when the proper consistency has been 
found the same amount for each batch should be used, being varied 
slightly to suit the conditions of the weather and the nature of the 
work. 

The proper amount of water is that amount which will produce a 
mixture of the specified consistency—^the consistency of the mixture 
should be carefully watched, and not the dose of water. 

The Proper Consistency for Concrete. —This important factor is a 
matter of judgment and experience on the part of the inspector and 
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time of setting. Extremely wet concrete which flows nearly as freely 
as water never develops as great strength as plastic concrete. 

Percentage of Water in Concrete.—The following rule (from Con¬ 
crete Construction/^ by Gillette and Hill, page 42, edition 1908) by 
which to determine the percentage of water by weight for any given 
mixture of mortar for wet concrete, such as is now most commonly 
employed, will be found satisfactory: 

Multiply the parts of sand hy add 24 to the productj and divide 
the total hy the sum of the parts of sand and cement. 

For example, if the percentage of water is required for a 1:2 
mortar: ( (2 X 8)-|-24 )-h 3 = 13 1/3 per cent of the combined 
weight of cement and sand. For a 1:3 mortar the rule gives 12 
per cent. 

In ordinary concrete mixtures dry concrete will require about 3 or 4 
gallons of water per bag of cement, 4 to 6 for medium, and 6 to 9 for 
wet. It may be roughly assumed that 10 gallons of water are neces¬ 
sary for a 2-bag batch mixed in proportions 1:2:4, while 13 gallons 
will be necessary for a batch of similar size mixed in proportions 
1:3:6. Some materials will require amounts of water differing con¬ 
siderably from the foregoing. 

The percentage of water required for ordinary dry concrete mix¬ 
tures (based on the total weight of dry materials) is about 5 to 6 
per cent; medium concrete will require about 6 to 8 per cent, and 
wet concrete will require about 8 to 10 per cent. This is an average 
of about 1, ll^ and 1% gallons per cubic foot of concrete for the 
three respective grades. For a wet mixture about 50 gallons of water 
will be required per cubic yard of concrete. 

The exact quantity of water required should be determined by 
experiment as stated above. Small variations in the percentage of 
water may produce pronounced results in the strength and gravi¬ 
metric condition of the finished concrete. 
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INSPECTION OF FOEMS, MOLDS, CENTERINO AND 
FALSEWORK 

iiiiiiib, fftiii’uiiir iiitil .HlmUrriiiu tlu» hnuptirnry 

ruiiHinu*! icin rrt|iyri'*i In ntxv fti tlu* tmiHTrlt* iin hIui|h*. I’alHtnvork 
w iiHt‘t| fti ihv hii|i|hii1h iif tarnis, laolds, ri*utt*uu^ 

ami Iii tliiw .Huhjini, tiu* 4»,\|irtwiuu **f<trmH** 

\ull hv iiHinl III iiirliiilf ill! tlir itt'iiw lutailiuiuni. 

Ill aliiu»Ht ail I'iinrH it in mTi*>iHiiry, in unlin* to ruiilin^ tHincrnta in 
|iliiri» nr in I In* tlrmri’d Hltiipr, fit iihi’ fnriiiH, wliinli iirnvnnt it fmnt 
riniiiiiiif c»r wliiln wrl iiml Miff. Wimcl m iiHitidly nin|»lciyncl 

ft»r tliiH liiitli lirluw ainl ahuvn itTuumk lUlhtHmli onnuaiinially, 

ft>r Hiiiiiil lifiijiitH, fill* I’itrlli h nil lliitl iuddn ilm rniirndn in 

l»liii’n: Inti 1111*4 iti»| liLrly In atfikn im mmerHe m wlmn 

tttwHinii furiiiM nrv iiHtnI. tin* iimld lurnm a part of thn 

|n»riiiaiiniil rnt’ltirf* m in tlin riHt» uf iiiiiHoitry |nnr« willi cHiiirri’in 
linitrliiii% mid ill h!*'!’! filimli’r pii'r^ wifi} «*tiiu*rc»tn. 

liilaiiif tip llm t’i»r foimn ami (wm 

Art. I 7 h ’iiiinrliiimt 11111^1 ill* sail! \ulli rrmn'it In tim iimtnriiil wliinh 
is lirs-it I'ttr iii I In' I lift mil uf fnriiH fur rnnrridn wnrk* 

Art. 16.“»Lttmbtr for Forms and CtotoriBg 

Tlir liiifilirr fur finiiiH ^lismiltl la* cif *^itrli f|«iilify» ni/.n iiml finish 
flint tliin'r' ii4 nli^ultilf ^laliility iiml |ii»iiVc't ivurk iif all It 

mIiiiiiIiI lin ii»lii|i|i*i| ti» lltn Mtrmiiirn flint tii tlin kiml nf .Hiirfiirn rnqiiirml 
nil flit’ riiiirinit*, Tlin ^4/i% tliirfnr^w iUtil qtiiilify tif thn Itiinlif'f la 
iimirnilly Infl In llin mI’ flin rniifriirtnr, iia if in fn Ills intnrnHt 

In |iit» lirnf i|iiiiltly *»f liiiiitirr iif llin iiwnnsary fliiimiminim, 
Wlinllinr lit* liol liiiiilmr sliinihl In* |iliiiiial %rill Im ihdin'iiiiiiiHl hy tlin 
kiinl Ilf i|r»iiirii. Tin' iiiitlinr is <»f flip that liniilmr 

fnr iili ftiiiiis slimilil lip pliiiirti mi iit Iniwt mm hiiIp, iih n ainnotli 
siiiffirp iiiriitly iiiiiikiliii, fiiliririiltiin iiiitl nrnrtiiii?. It wilt 

alnn rfiliirn Ihi' liihuf nf ri’iiiinfiinl tiin fnritin. 

Kliitl of Ltimlitr. Tim kiii4 nf liimlmr In ti«n fnr ftiriiiH liiul fnlsn- 
ttnrlc iijiiiii tlm rliiiinrlrr <if tJin mairk tttiii fn li iniiisidnriihh^ 

n\ti*iit 1*11 flip liiiiiliililr ill lli*» fiitrltrithir Itiriilily in whirli tlin 

ttitili In fin riprlrsi, In iillirr tturilii, flit* kttiil nf lliliila'r wliifll is 
III III* itta-ii ii|*i»li ttlirflirr tlin lliiitnrtlll flftnf its flrsf iihp is fii 

t»n r!ii|tl«)*’ii isi sifiiiliir iiisrk* tlm Inriilily, amt tlin prnviiiltni? 

stiiriiS ill tlir h*riil viiiifs, lliiit is t<» siiy, ihn dnHirril r«*siilfM amt 
|irirf« lirrisi** in ii rufiHiilrrfililn tlii* sphmtinii of liinitmr fur 

fnriiis iltiil fii|-*nninfk 

Ftir lilt* «»f llii* Infill wnrli. i* lltr riisimii In iihi* as i*!irii|* 

II friiflr Ilf itiiiirli, 'ifiiitnl hiitdin hh run tir piiri’iiimi'il, Whitn fiiliii 

til? 
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should be first choice, but, because of its expense, other woods are 
generally substituted for it, such as spruce, fir, redwood. Southern 
pine and Norway pine. Some of these woods are more suitable than 
white pine for struts and braces, although they have a greater tend¬ 
ency to warp. They are, as a rule, stiffer than the white pines. 
Spruce, in sections where it is readily obtained, is perhaps the best 
material for studs, joists and posts. 

For the form work, or that portion of the work in contact with 
the concrete, white pine, yellow pine, spruce, Oregon pine and fir 
lumber are suitable. Some other woods, especially California redwood 
and chestnut, will stain the face of the concrete. North Carolina 
pine makes excellent sheathing. Yellow pine lumber is found to be 
excellent for forms; owing to the large amount of pitch contained, 
it absorbs water slowly and holds its shape; and because this material 
possesses both strength and grain of sufficient closeness to prevent 
badly splintered form boards. Norway pine and fir lumber are also 
suitable for forms for similar reasons. White pine should be used 
for cornice and ornamental work, and may be used for fine face-work. 
For ordinary work, however, even for panels, white pine is generally 
apt to be too expensive, and other lumber should be substituted for it. 
Yellow pine or spruce is commonly the best available material. 

No hemlock should be allowed in the construction of the form 
work. It is too coarse grained for sheathing and is liable to split in 
nailing and to curl on account of the moisture from the wet concrete. 
In other words, hemlock should not be employed, as it is rough, 
splintery and weak, except only when absolutely necessary, and then 
only in the roughest kind of form work. No objection should be made 
to hemlock braces, studding, and falsework. 

Oak is hard to nail, expensive, and imprints grain marks on the 
concrete even when the form is thoroughly wetted or well oiled. It 
also warps readily. The hardwoods are too expensive to work. 

Quality of Lumber. —The lumber should be free from decay or 
rot, splits, windshakes, sawed true and out of wind, and square- 
edged, full-sized, free from large or loose knots or any other defects 
which would seriously impair its strength or durability. The plank 
used in the forms should be reasonably free from knots. Knots will 
show on the finished surface of the concrete and, of course, will 
weaken lumber which is used for supporting forms. No warping or 
splintered lumber should be used. All lumber should be subject to 
the approval of the engineer in charge of the work. 

The lumber must not be so dry that when soaked by the concrete 
it will swell so as to bulge and distort the forms, nor so green that 
it will shrink so as to leave open joints that will show plainly on 
the face of the work. Green lumber may give difficulty by drying 
out and shrinking if left to stand too long before the concrete is 
placed, thus causing rough joints and considerable rough edges to be 
dressed down after the work is finished. A slight tendency of this 
kind, however, may be checked by keeping the boards thoroughly 
wet with water until the concrete is placed. Kiln-dried lumber there¬ 
fore is not suitable for form construction because of its tendency to 
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HWi*U vvluni HujiktHi by t!u* aiul |»’ro6n liunhor Ih uiuleHirable 

ou atMHHinl t»f liiihiiity tt> t'luu'k aiul warp, ikirtly saiiHoiUHl lumber 
or ilritul .stuff is tlHua^fure the best. When it eum(‘H t(» a choice 
between ^rcHUi am! dry himber, j^reen lumbm in prefernbii* because 
it in less all eel ed by the water in tiu» ctuuuTit*. However* it is lH*st 
to use a luitiirai iiitd well seastuied material ns mentioned above* 
taking- care not to tiri\e tiie work up too close* and to saturate the 
forms iliorcuitfhly several timt*s bidbre the concrete is placed (stm 
Art. IH* page 24tl). liy doinix this the best results are apt to be 
obtiiiued. 

TMckimss of Lurnbor Used in Form Work.-H(*gmr#lini^ the thick¬ 
ness of lumber used for fornm, cuHtom ditTers with contract(u^s and 
localities. In fact* I'onIractiirs dilTer |j:r<‘atly in their ideas of the 
propm* thicknt'HS of lumber to uho for various parts t»f form work. 

The llii<‘kness of flit* liuntier should he such that it will not detlect, 
Indue or wiirp iindt r the loads impt»sed upon it. launber should be 
striiiidit aiol triii» iiihI of even IhicknesH. This is i^emu'ally advisable 
for ecuiveiiienci' in lifindliiii?. Wide boards should not he used fm* 
slieiitidiiir. for the leimon that they etui luul split hatlly. Amply 
tliiek and lieiuy miiferiitl should be used for ftumw* espeeinlly if tln‘y 
lire to be a ntimbor of times. Thinner matiuiul is easily liroken, 
tliiis reijiitriiii?: more labor for repairs than would pay for the extra 
tliieliiii*HS. Tiiieli pliiiikK will litdd their shape lietter and last longer. 
Fi^iireil ill ciiiiimercia! tliickiii‘SHes, nieasureil hefon* planing** in some 
cases ft I4ii. tliickm^ss is used, in otiii'rs a Itk-in. thickness, and in 
a few others ii thickness, even for «uc!i work iw panel forms. 

If toriiH are to he used only one time, tiu'y are usually matle 
of Till, dresmsi iiiitleriitl; mditu’cas, if they are to be used several 
limes, the siile iitid bottom form bimrds of tlie beams and girders (nee 
page 21PI lire made of either 1% or 2-in. dressed planks, beeause 
these iistiiilly mil list itml the siieci^ssive operatimw of tltumdishlng and 
erectiiiif iiiiirli bettiu’ tliiiii the Ugliter tiiaferial, Clenerally speaking, 
Idii. stiiff is imetl for llot»r litggini? wdth jokts spaced up to 24 in., or 
mlieii litiill Into piiiiek; for roliimn iiiid wall lagging Hi 24m 
1*1 nil k iiscfl: for sides of lieiimii and girdera I, 1*4* ^nid 24m 
stisfl k usual; iiiul for Iwitfoiiis tif btmms and girdtma \% and 24m 

Siiii of Liimbtr Ui«d In Form Work.— The shores and supporta 

for llie eeiileriiig geiieniily eoiHisi «f roimli 4x44m ntudding:. it having 
lieeil by priitiiee tliiil siieli studs, when placed from 4 to d ft. 

on renters, the tieeessitry strength to carry ibf» wudght of 

file wet riitierele for lioof systems. For ledger boiirds, ercwa- 

briiees mid ties, m well m for iiiiiling strips and battetw. IxfI-'-im or 
Sieved liiiiiriN are fniiiiil convenient; 2xfl4m iitid 2xll4m 
jtiists are iHctl to st»iiie rifeiil for the wipiairt of sliib centering and 
fur file liriiciiig «»f the siijiporfTlii’se diiiieiislonH are by no memw 
liniifiitlile, iw II sliiii) Ilf tin* liiiifieroiw exfiiiiples of iietual form work 
giieii ill iimi Fmfint^t^ring Aeica, 

iimtni, iitiil liiisfiy litittks nil plitiii aiid reinforced concrete cfuwtructiom 
will iliiiw. Tiiiibori iw large ii« 4xtl-im, ixH-im and Hxltbiti. art u»ed 
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to brace and secure tlie form work for heavy concrete wall and 
buttress construction, and all sizes of timbers are used for the 
falsework of concrete arch construction. 

Dressed Lumber for Finished Surface.— Dressed lumber should be 
used where finished surface is desired. In other words, the form 
boards used on all exposed surfaces should be of dressed lumber 
and closely fitted in order to secure the best results in appearance 
and surface of the finished work. On the other hand, wherever a 
surface finish (see Art. 43) is to be used, roug:h lumber can be used 
on that side. The lumber for face work should be surfaced on one 
side and two edges and dressed on the face side to even thickness, 
and may be tongue-and-grooved flooring or similar lagging. Tongue- 
and-grooved or beveled-edge stuff gives the best results for floor 
and wall forms. Tongue-and-grooved boards, however, are more 
expensive than boards surfaced on one side and the edges, which will 
generally answer for most work. A principal objection to the use 
of tongue-and-grooved lagging is that there is no opportunity for it 
to expand, and, again, the planks are particularly hard to place a 
second time. 

Undressed Lumber for Eough Work. —For backing and other rough 
work, undressed lumber may be used. Undressed lumber should be 
used where the concrete is to be plastered (see pages 410 and 442). 
In other words, forms for non-exposed surfaces may be rough lumber 
but should be water-tight. However, for rough concrete work it is 
generally best to use lumber for sheathing that is dressed at least 
on one side and two edges (as mentioned above for finished surfaces), 
to make the boards of uniform width, so that they will fit together. 
Even if the appearance of the concrete is of no account, the smooth 
form surface will reduce the labor of removing and cleaning the 
forms. 

Use of Old Form Lumber. —Frequently the contractor is compelled 
to use old material for the form construction; that is, material that 
has been previously used in reinforced concrete work. Such lumber 
must be thoroughly cleaned before it is again built into forms, and, if 
necessary, the sides and ends must be freshly jointed so as to make 
a perfectly smooth finish to the concrete. Care must be taken to see 
that badly split and splintered lumber is properly patched up and 
gotten into good shape previous to constructing the forms. 

Inspection and Rejection of Form Lumber. —The lumber should be 
inspected when received, and any lumber unfit for use in forms 
should be rejected immediately. 

Care of Lumber for Form Work. —The finish of concrete construc¬ 
tion depends largely on the kind of lumber used in the forms. There¬ 
fore the lumber for this purpose should not only be well seasoned, as 
mentioned above, but when delivered should be properly protected. 

Art. 17. Fabrication and Erection of Forms and Centering 

Form work depends on the type of construction and required align¬ 
ment of the completed structure. In the erection of reinforced 
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iniiuTflf \vt»rk n<»lliiii'4' eiirt^ful (‘(uisideration than tliO 

e(»nstnu’iit»n ui the tui'in work, in* innhls, mM*t‘ssnry to shape* and 
.snpptiii I ho «*(»iiort‘to nnlii it has tiioroimhiy sid and har<lt‘iu*d. Ab 
( ho rinicdion ul' (lio roniw is tn .soonro a snitahh* rooi‘ptaolt* in which 
t(i nst»l<i tiu* coiicroto, if is of the ;:roalt*st iiupnrtanci' that liu*y sluntld 
ho taaislrnettni wilii (ho utmost care, in otlior wortls, forniH arc an 
ifuport.ati( mialinm for makim^ coiicroto, and too much study oatmot be 
givt*n to this part of the \v<irk. 

Supervision of Form Conatrnetion.— KInny de^HixnerB leave the 
tlotailH of the const met ic»n of fomn an<l conttuiug’ to tlie ccmtractor, 
workiinr on tin* siippoMiiion tiiat if the Hpcadtlcatunw rtMfuirc n cer- 
tain standard of work when llnishotk the ctudractor w’ill nne tiis lu'Ht 
idTorls to secure tliiK result. Such n Huppcwitioit in far fnun Iminir 
file case, for the contractor unually will take greater ehaneoH during 
tile etiiistriieiimi tliiin h idways ?good for the work. K\pi*ri<mc(‘d eon- 
friietors ifcneiiilly do exorcist* tlionglit in eoiwtruetimr the forms, ho 
tliat the roHults of the flnislictl watrk may he very satisfaetory; 
however* the iiiehifeet to* tilt* t*nirinei*r will tio wt*Il It) exercise a HUpt*r- 
vinioii ovt*r tlieir eiuiHiniefitin. In all ifistane<‘H tin* archilt‘ei <»r the 
eiiiriiie<*r slitmld eiutiitil the firm* for the removal <»f the ftoins (i4<»e 
Art. l!H. iiiitl slioiild he eiipahle of inHuriug the mdVty t»f tlie Htrueture 
hy tiis|ioef loll tif the falsewm'k and HUpptulB, 

The siifid\ of ii retiiforeed eoiierete fkairi iw well m that <»f the 
entire st rind lire, may lit* jetipiirtlizetl hy fatdty form const ruetitm. 
Wooden forms, ns frei|ii«*iitly erected for reinforet*t! etmendtt work, 
upon eiirefttl iiHpretioii show* a great many weakm*Hses. inatle<|uaeit*B, 
iiml fitit factor of snfeiy which exists is Kurprisingly low. In fact, 
iiiiiiiv of till* failures of retiifoieed etmerett* eoiiHt met ion can he traced 
dinaily to weiikiit^Hs in the foriiw due tti faulty etinstruetitm of tlielr 
Hiip|ioil*4 Ilf the fiilHtnvork, Mneli time shoidd tlierefore he tlevoted 
on the jiili lit the iiispeetioii of lltti forms, Imtii iluring er<*eti<m, e<m- 
ereliiiif* liiitl reifioviil. to iimiire tigairwi etedly t‘rror«. The greatcHt 
vigtiiiiiei* is rei|iiired of tlin liwpoetor to mm that the fornw are properly 
eoiistriieif‘il, iio mdietlier an expi»rieneed or inexperienced eon- 

Iritefitr h ilidiig tlir wttrk. Not loinr ago ii building collapsed with the 
eeiiteriiig «lill in pliiee. The eliiiiii wiw made that wane blastiiig wiw 
doiit* wdiicli flic sf met lire ao tittieh tliiit it eollnpwed. That wait 

II \i*ry elnir iinlteiitioii tlifit tlie cefifeitiig was ereeted in an e\*traor*li« 
tifirily lux itiftiiiier. A maj eiirefiil inspectitm slioiild be made of thin 

Lahore It is ilosiriilile fiiat sktllt*d bibor he employed on feuan work 
anil rotiipelciil foretiien nn* iireesHfiry. title malt in «*aeli gang must hci 
hi eiiiirei* itf it, I lie lii*iitl ciiipeiiter or irenenil foreman. 

mmmh mqmmmEmu 

Tfpt of Formt. Tlirt*imii«iit the praeliee of reinforced concrete 
const rtniioii iiiidliiels i»f fiiiiii const met ion are in ime, (icner* 

iilly fi particitliir ty|i4» of form work will he fount! to be confined 
ill it loraliH, lO' clsii »dll Iw* Used In a Minnie firm of reinforcetl con- 
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Crete contractors, the advocates of the several systems believing the 
system that they use to be the best and most economical. As a rule, 
the contractor should be allowed to use such type of forms as he may 
desire, if, in the opinion of the engineer, the proper results will be 
obtained. If, however, it is apparent to the engineer that the forms 
are not properly constructed so as to give the desired results, the 
contractor should be required to make such changes as the engineer 
may deem necessary to give satisfactory results. 

Approval of Form Details. —Plans and details for forms, if re¬ 
quired to be furnished by the contractor, should be submitted to the 
engineer for his approval before starting the form work, but such 
approval should not release the contractor from any responsibility for 
the safety of his work and the work of other contractors. 

Pressed Steel Forms. —Metal forms may be used to advantage for 
the erection of small buildings, sewers, conduits, etc. They are used 
to a limited extent in concrete column, girder and slab construction. 
Steel forms should be of acceptable design. They should be so rigid 
as to permit making the faces practically true planes in conformity 
with the plans, with a variation of not more than ^ in. The chief 
difficulties in the use of metal forms are their liability to leakage, 
tendency to rust, and possible injury by dents in removing. 

Economy in Form Construction. —Forms should be constructed 
with a view to economy in taking down rather than cheapness in 
erecting or in first cost. Greater economy will result in using forms 
over and over again than in using poor lumber which rips to pieces 
wffien taken down, and unless they can be used many times they are 
apt to be the largest single item of expense on a concrete building. 
In fact, the greatest economy is gained by constructing the forms so 
that they can be used over and over again in the structure. With 
a little ingenuity and forethought, this work can be most always 
arranged so that repeated use is made of each piece of lumber. It is 
not unusual to construct a ten-story building by using over again the 
form work employed for the first three stories. It requires a great 
deal of study frequently to design the forms so that they can be so 
used, but it means a great deal of money in the contractor’s pocket. 

If forms are to be used repeatedly, oiling will do much to prevent 
the absorption of water and shrinkage, and will enable them to be 
removed readily (see Art. 18, page 241). Even for rough forms, plank 
planed on one side may be economical to cheapen cost of cleaning. 
For repeated use in built-up sections, tongue-and-grooved lumber is 
to be preferred, or the forms may be covered with galvanized sheet 
steel as mentioned below. The latter is preferable where a smooth 
finish is desired. 

Workmanship. —^Porms should be constructed by experienced and 
capable workmen only, and must be of first-class workmanship 
throughout. Defective workmanship upon forms for reinforced con¬ 
crete work means not only unsafe work but unsightly work as well. 
All forms should be fabricated, put up and removed in a manner 
satisfactory to the engineer. (See page 381.) 

Loads on Forms. —All forms should have ample strength to support 
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prop(‘rIy tlu» loads tlu\v art* calkal upon to oarry. They must bo 

.sfrtaiu' toiou^h to rotaiii wot tauiorotts to* thi*y imisl ho slrtui^' t*nou< 4 *li 
to uUhstand tho pro^suro dm* tti taiupiujL* in oast* a “dry’’ oouorete 

is ust‘tl. Liaids t»u I'tirius must ho roslriotod to tliost* ftn* whioh the 

ftnans art* dt*si,y:m‘d. I’liose loatls Koiioraliy oomprise tin* vvt*i.u'ht ot 
till* tnmorott* aiul suoli noot‘ssary ooustniotion loatls as the wt‘iulit of 
w<»rkint*n» nniuays, w!iot‘lharrows, oto. Storage td’ oonstruoliou 
niatia'ials tor tuture use on the fornm shoultl mii be p(*rinittetl undt»r 
luiy oirouniHtnnot‘H. 

Fabrication of Forms (Accurate Measurements).— Idans, if pro- 
viiletl, shouifl Ih* ftdkovetl exactly or else alteroil with the approval 
t»f tlie envdnot*!* before wtirk mt tliem is beirun. All tbnn work must 
be eouHlruefccHl aeeiiratidy to file frarnini^ plan. All laeasuremontH 
III list be aeeuratt% the lines true and S(|uare, the jtiints close, and I lie 
finish done in a neat and worknintilike inanm*r. One of tie* dilli- 
eulfic'H in tbrin const met ion is in nettinir tin* forms trut* enou*^;!! to 
line and level to iivtdd ii ltd of sulweijneni lalior strai^lik'nins^ ami 
inee paice 211). This trouhb is lar|?tdy tlue to iimccuracit*H 
in makliiix up or fahricatinir the fontm* If the vvitltlm t»f tin* ctdumu 
fiuins are f»xact and tlie beam forms are cut t<» (‘xact len,i*'th, (be 
wall columns must coniti plumb and trm*. A maximum variafitui 
of kj in, only slumbl be permitted from the sixes Hht»wn tm the 
ilrawiniiH. Foniis slioultl be finished to the exac*t lit‘i*4bt on top, 
Fartienliir iiffentioii shotdd be ijiven to the pieeiiiic-oui of beam 
boxes, the lilt<‘rnlkill of column foriUH, etc. All forms nhoidtl be 
iirranircd ho its to be taken tknvn in proper orthu* without injurinit 
the concrete. Ftittinir of tlie lumber Klioubl lie avoicled as much as 
poHHihle. Extreme care Hhcnihl lie taken to reinforce cormu's of tin* 
h*iuniii|f, 

Lltiiuf Foms with Sheet Metidi.—If very smooth concrete work is 
desired, I In* wooden forms are Hornet ime« covered with sheet metal. 
Black slieet iron has been uml for this purpose to some extent, 
idtlioinsh vidviinixinl iron in preferable for the liIlin|^ of forinn, because 
the concrete iidberes more »troni?ly to bliiek plate than to jmlviuiixetl 
iroii, iind, besides, the pliite i« liahle to rust and Htiiin the work. 
Till iH tirciisiosially employed. Zinc should never be used, iw it sct‘ms 
to lilt lick the eeiiieiit cliemiciilly. 

Eoriim lined with sheet ittelii! will ahow a wave appearance unless 
lieii\y iiiiiterliil is used. Cleiicndly No. 27 piuge iralvani/.ed iron is 
used for the Itiiinic of forms. Hlieet metal of No. 2t) gauRt* (tk(Kl5 in 
thick, I,*12 Ills, per Hi|ttiire findl lias been iwial for tins purpose, but 
wlifue I he saiiiii iwed several limes a heavier shemt im‘ial is 

p re fern tile. 

A gr«»iil many engiiieerfi object to coverinir wooden forms with 
imdfil, us the iiieta! is liable to break and tear when removing, 
mid if the fciriii is ^Iriiiiietl in the liandiinK the metal covering makes 
It liiirdiT to |itil back III Hliapti. In fact, if sbcid m**ial is placed on a 
wood buck or even ii iiieiiil stiHViiing frame, tlii're is danger of its 
Imcomiiiii dented, bent, or oilierwiwe defaced so as to givt* an imper¬ 
fect aiirfiice to the coiicrt'le; iitid if flic nietitl ciHcritiif is siilliciently 
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tliick to resist damage it is too heavy and too expensive. Another 
objection to lining: forms with sheet metal is that nail-heads will 
show. The nails should be placed only around the edges of the sheet 
metal, which, if cut to a predetermined size, may have tlie edges 
covered by bevel pieces to give the finished surface the semblance of 
cut stone (see page 415). The joining of one sheet of lining to another 
may present greater difficulties than the joining of planks, but joints 
will occur less frequently. 

If metal is necessary to permit easy removal or to give the con¬ 
crete surface a smooth finish, a complete metal form may be used as 
mentioned above. 

Lining Forms with Building Paper. —^Forms are sometimes lined 
with building paper. The use of paper needs constant attention in 
order to secure satisfactory results. It is somewhat difficult to keep 
the paper absolutely smooth, so that the final surface does not show 
wrinkles. The paper is easily torn in placing reinforcement and in 
shifting the forms, requiring much patching. (See page 226.) 

Water-Tight Joints. —All joints in forms should be fairly tight, 
being close enough to prevent leakage of the liquid mass which will 
bleed the concrete of any material portion of its contents. In other 
words, the forms should be built as nearly water-tight as practi¬ 
cable to prevent a gross leakage of mortar. The leakage of water 
colored by cement should not be considered injurious. Tliis precau¬ 
tion regarding water-tight joints applies to. forms for wet concrete, 
as dry concrete does not require tight forms, since there will be no 
liquid mortar to run out of the cracks; but where a wet mixture is 
used, poor joints permit the escape of water cement, thus marring 
the appearance of the finished work by leaving holes. 

Stopping of Joints or Covering Cracks in Forms. —Cracks in forms 
into which the mortar will force itself and form ^^fins^^ on the sur¬ 
face of the work must be avoided. The stopping of joints in forms is 
accomplished partly by the use of water to cause the wood to swell 
and partly by filling the joints with some material. Cracks in forms 
may also be covered with sheet iron, but the use of paper for this 
purpose should not be permitted, as it swells when damp and sticks 
to the concrete surface when the cement sets, so that it is almost 
impossible to remove it. It is also very difficult to keep the paper 
smooth, so that the final surface does not show wrinkles. Cracks or 
joints in forms may be closed by putty or clay, plaster of Paris, 
oakum, cotton, or strips of wood. The use of fire clay to close knot¬ 
holes, etc., is recommended. Hennebique made some of his forms 
with open joints and afterwards covered them with canvas, wliieh 
absorbed the excess of water and gave a uniform surface finish to 
the concrete. 

If necessary to obtain tight forms, caulking with oakum or other 
suitable material may be permitted. When thus treated the swelling 
of the boards does not cause trouble. Caulking of %-in. Manila 
twine may be used to make forms tight at joints, if preferred 1)y the 
contractor, or a plain point may be made. It will sometimes be 
found that considerable time can be saved and better results ohlained 
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V’ flir turnis fjy t'uulkiii.u’ utul snuHithiufi: joints 

ith |ila.>lt‘r of PariN, iiistca<l of <»akiinu ns is usually dona. In taat, 
ustiU’ mI' Ikiris lui> liatui iiNtal wit It yraut suacass i’or tilling ariiaks 
•joints. 'rin' piaslar nl' Ikuis siumld luixtul tliiu to pour, 

na ntan Kt‘^^«'fnlly uih*s tivar tlu* tonus, tilling arnaks and uuildiolas, 
ul HUothar tolluws nhout liftaan or twauty luiuuttxs lal(*r, sanipincc 
T tlia a\aa*^s {dastar with a trowid. Tlu‘ toruis ara than lubriaatad in 
ia usiui! niniinar (sta* Art. IH, pai^'c* 

i'lay is \ary cHunuionly iistal fur stoppiu^ joints or araaks in 
u'tiis. A rlay of soma sort ran i^ani'rally la* found in tlm virinily 

tnary aoiiarria joh, and it tnki'S V(u*y littla linu^ to mix it with 
alar intii n toiii»k pasta iiiul fill all araaks. Ona ohjaation to alay 
tfuit wlian n tinia intarviman hatwaaii tlia plaain.u’ of I ha alay 

td IIh* ptniiiiii; t»f tha aonarala tha ahiy tirit's up atul falls out. This 
yatiitui tuny uiiianiily ba inaracutK' by usiu»4 tiiiu oil with whiali 
I mix Ilia pu’^ta iiiHiuiitl of Wfitar. 1‘hiu soap or vtu’y haa\y soapy 
aii*r tuny ba iisad. This is ahaapar than oil and nmah mora 
‘adilv iiii\in| wit It tlia alny. Soma tihar tu’ hair Kimilnr to tduit uh(hI 
. pliislartiiii mi\ad with flu* niml pnslt* makas it possibla to usa it in 
liiiir «|iiita hirim anudis, idtbon^dt tin* usa of tibar or aow-luilr is 

it roiiiitioii. 

Improving Edgei in Joints of Forms.-'-dn all ansas v;\Hm\ it is 
illicit tiifit Ilia joiiif.H halwaaii tha individual bourilrt <»f (1 h» fisrms 
ill priinitla nil axi'a^Hj^iva roip-dniasH, or unsiixhtly board marks, in tha 
yio^ail aiiiiari*ti% tha ad^an of said jidiits of tha forms sbonlil bc^ 
‘fiitivaii mid rt'pbiaad or citliarwisa imprtivatl ami rc»pairad bi'fon* 
iitrirliiiij. Ill aiiHi- two or timra and joints in adjiuauit planks art* 

I I III* fiiiiiia vmtiral |iliiiii% spaaiiil praaaut itum shtndtl ba taktm to 
inriit it lip ur fill on lita aonarata. Tlia adm*s of tilt* plank Hbould 

* mitli II idi’dd liinal, ho tliat tha plnnad Hurfnaa is tha 

iilanf. In iloiia to iii.Hiira a ti|^ht form. iSat^ pni^t* 

Flnisli of Forma for Exposed Concrete (for Particular Work).— 

iia iff ilia iArii}f4 liopaiids iipoit tha tla|.fraa tif llnish aalbnl for 

i iha H|iaa!liriititimn If tlia aoiiaratt^ m to show a suiootli surfaaa, 
ir snrfiira of Ilia foriiis in roiilaal with it shonhl ha smooth. In 
iin ttoifiM, tlio stirfaaa of tha loriiis in aoiitaat with tlia aonarata 
n.iilii Ilf fiiifjiiirad in liaatirdiinaa with tim racjiiiranu^ntH of tlia 
larifiriit ifilis. 

All a%|»*‘4ri| roiirrata {iifilass ofliarwisa Mpw'iflad or dasirad) slionld 

* tiiiiib* Ilia of tnirii aara, Ilia fotnm baim^ iiiiidi* from ait bar 

iil 4 iiP ii!ii|^^|fiiitnai! or binakailKacI sliitl, fraa from knots nml split 
ttitli »ll joiiiK iltivaii ti*dil mid sariiraly miilad, lutd nil impm*- 
Tt fiiara^ iriiitivad iir |irii|iarly rapiiirad. If mnlaliad boards lira imt 
it in li auiiit pliiii III aliiiiiifar oita adm* of tha boiinln so that 
la joint will a!o'»a whatt flia Wood m wtd, Many a«mar<*tfi 

yiarlft iuiiim* ilia iiho of |ifn‘abad*„o*fl siiifT in prafaranaa to loiiipH*’ 
III liH iliara h nil oppitrliiiiity to axpaml whan plunks of tha 

ifar Till* lid unit of aiiiimfarini: tlia lowar adm* nf sida 

limb iM that if tha phiiil%H sttid! on iiaaoimt of haimr wat aaah plank 
Hi piiHl il-H lirii^iilior nml noiitf of tliain will warp or spring. 
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This refinement is, however, not oflini list'd in praetiet', <‘xec'pt in 
rtdnforced eon(*rete work. 

Joints should be made ])erfecdly (lush afttn* tlnw art* ImiK in place, 
by planing off any nnt'vtmness or projt'td ions I hat <K'eur: an*! any 
openinji:s at joints or eoiaiers, or any knot Irnh's or ollnn* voids, shoulti 
be plii^U'etl flush with some stilT, plastic subslama*, stndi as fin* clay 
mixed with plaster of Paris or sand (st't^ also pairt* 2tH). The removal 
of the board marks is possible untlor one condition only, ami that is 
that all joints between boanls must be tivdit. The joints (111 with the 
tiller parts t)f the mixture, especially with ct'intmt* so that tlie Hiiiall 
ritl|j:es between the boanls are rich in cement. It follows that the 
CO’*arete immediately behind tlie rid^e is leaner in ceimmi limn 
other parts tif the surface, and it is tliert'fore softer than the Hiirfaee 
generally, so that any mechanical treatment of the siirfata* (•*»ee 
Art. 4J) removes too mueh at the ridires, fmaninir small irrooveH 
lookin^f almost as bad as the original ri<l,a<^ Hence* the jointH iiiiihI !w 
ti^ht, so that no cement can oo/.e out, and fairly sniotdli, >^o that 
few and small ridges only are formed. Some speciflealionH re<|inre 
that if cracks open more than % in. tlie forms sltiill be ridmilt. No 
tin patching is recommended. 

All face hoards should start liorizontally and be kept Imri/.ontii! 
by drawiufc the boards down with a wed^m, ami eacli hoard hIioiiIiI be 
securely nailed to every stud or to the cleats to preveiit Mprhii?, 
The carpenter work must be good and tlici foriiia iiiinie of gtaal 

lumber. 

There is no practical difference in the iippeariiiice of cniierete, 
whether wood, sand, galvanized iron, cant iron or pliwter of Piiii« t« 
used in the face work forms. 

Lagging and Studs.— ‘Htiuls should be of ^iitllcieiit wize iiiitl no 
spaced as to prev(*nt the lagging or sheeting frtnii Hpriiigiiig hviwmnt 
studs. As a rule* the spacing of studs for boimlH m 2 fl.; for 

boards, 3 ft. I] in.; and for l‘^|-in. boards, 4 ft. fl in. Tin* 
run from 2x4 in. to 4.x(l in., according to the «piiii, iiinl -k I iti. itritl 
4x0 in, are the most common dimensions for pmt». The sitiiiiling for 
all work should be dressed or sawetl to an cvrti tliiekiie:**»» in ontrr 
that the alignment may bo perfect. 

The lagging Hhould be surfaced, of imiforin iiini miitiililw 

width, and of selected material* and the edpM Miitfitei^d mi iw in 
form tight joints when put in place, tlie object lieiiig to olitiitii ri.ie- 
crate structures with even surfaces mid true tiligiiiiieiil. All liii-rgiiif 
may bo tongue-and-grooved or hevebedgud, its do^ireii* Tlw* iiiiiiikifig 
forming the lining of the forms should Invarialily be fiifttetied to tlm 
studding in perfectly borizontal lines. The muh of tlie^e pbiiik^ 
should be neatly butted against each other, and liie iniicr ^iiiiAef nf 
the form should be as nearly as possible mnmiih. willniiit 

crevices or offsets between the sides or eruk of afljiieeiit 

Bolts and Sleeve Hnts.— Forms rimy be lirlil in filnef* in tiii^iinn 
of bolts BO made that the outer .1 in. of tlie ciiii In* rioniitrii 

after the forms are taken down, iind the refiiiiiiiiiii? nitfi 

1:2 or 1:3 mortar. This may be iiecomiilislnu! by mit rmiiirr- 
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ti()nh which will pcnuit the rt‘rnt)val of (he projeetiiijj^ ends of boltn 
or nuis, etc., lt*nvin,L»: only small holes in the eonende, vvhieh can be 
slopped with nunlai' in the above or any d(‘sin‘d proportions. Rods 
shonltl Ih‘ eut I'roin 2 to 4 in. shorter than the space between the 
fiH’ms* and thrmuiech vvith a pump-rod eouplini;’ placed on the 
threatled ends. Stubs threaded at both ends will tinish out the bolt. 
Wlien the forms are stiuck the stubs may be screwed out of the 
etuiertdt* ami usetl a.uain. The small hole left by tht‘ stub is easily 
tilled with mortar l»y tiu» tinishinii: pui^*. Sometimes it is desirable 
to remcne tlu^ entire btdt, and in such eases the Ixdt should be coated 
with lieavy jjrease ur <dher imams taken to prevent adhesion of 
cMiiicrete ti» the ludl. Btdts must be absolutely straii^ht, or it may 
he impossible Iti remove them. Washers should be used under all 
bolt dieiniH and nuts* and before proceeding with tin* concrete work 
forms slitmid be brouuht true to line and grade, and all bolts should 
be taut. 

The use of holts will be discussed more freely under wall fprms 
(see page 2211). 

Use of Spikes and Nails.— I ^’orms and centering should be con« 
Htmeted ill sueli a way an to avoid the use of nails whimc^ver poHsibie. 
Seetioiih to he used o\er and over must be securely nailed. On the 
othiu* liiincb forms to be takmi apart should have as fenv nails as 
p«isHihli% using cleats am! wetlgt’s or othc*r clamping devic(‘s in prefer- 
iiiice to nails, spikes and screws. Hoartls and planks maul hut few' 
nittls flic forms art* hnilf ho tlmt pressure temds to separate 

them fmtii the clealH. Tlie presnure of concrete will generally hold 
tcnipiirary panel honnln in plact* witli scarcely any nailing. The 
sheiilhiitg of wall I’ormst f<m instance, if to be removed board by 
hoiiidt retfuires only enongli nails to take out the wind of the boards 
liiiil liold their own weight till the eoncrete is plaeed. In other 
words, Hpikes uml nails sfiould be used sparingly. Mvery nail that 
is driven Ki\es trouble wluui the forms are taktui dowm to be n^plnced 
elsewhere. ITiiiecessary nailing nc»t only calls for more nails, but adds 
to tliii ditliciilly of removing and thi^ danger of splitting ami ^ruining 
flii^ Iwmrds. Briicm are seldom less than 1 in. thick, and it fakc*H 
liiird driving to get spikes through them. Whenever possible, blocks 
or wuulgeH b«dd in place by thin nails slmuid be substituttul for 
the ifirge spikes so often employed, or clamps should be used, as 
the liittibiu* will k.i remlered unfit for continued use by rt^peated 
spiking or liofivy iiiiiling, 

III liiiildiiig ftirins, do not drive the nails idl the way Imme. 
Leti%e the lioiids out, so that it i« possible to draw them with a 
cliiwdiiitiiiiier witlic»ut injury to the lumber. A simeial form of 
tliiiildedieiided iiitll designed for easy pulling is nc»w on tin* marked. 
Tlif^se doiildedieiidi^d uiiils can he driven lioraa and will hold more 
tliiiii the ordinary nail, owing to the large area of the stiunre washer, 
or flip ‘*i4eriiiid liefid,'* its it is termed. ^ When^the forms are to be 
tiikeii down, liie iiiiils eiin be riuiioved without iitjury to the lumber, 
mid, if ritivfidly driven, citii tic uhccI imlefinilely. 

Ail ttfiitporiiry nails should be renmved just before the concrete is 



208 


iNsrEcrroN of form^<, moldf. ftc^ 


poured, so Hint portions of forms intended for easy reinovail will not 
be found tifi:htly nailed when the worknum an* reatly to strip tln‘m. 
The less hammering done around green eonerete, the b<‘tter. 

The skillful foreman may he easily reeognized by tin* scmreity 
of spikes and nails he uses. Tin* pride of ev(*ry bireiiian should lie 
to have his forms removable and eollapsible, so as to be <*ompelh*(l 
to pull as few nails as possible in aligning or siiifling tlH‘m. If tin* 
removal of centering neet‘ssitates tin* use of tin* long prying erow- 
bar with three laborers at its endi the* fon*man should he dist*harge«l. 
Forms and their supports are often nailed or permanently put 
together, reciuiring eostly efTort to detaeh tlu‘rn ami t«»o frequently 
the use of the sledge and iron bar, the latter levering against the new 
eoner(*te and badly marring it, as well as imtu^eesHarily injuring the 
forms themselves. 

Wire Ties.— Wire ties may be used to seeure forms agaiiiHt pulling 
apart. They may be wound around opposite* studs ami then twi^teii 
with a sliek, as a turn-biiekle, until the studs are the proper disfaiiee 
apart. To remove (he forms the wires are eut and then I rimmed very 
close to the eonerete surface*. The* use of wire ties will be* eliHeiissi«fi 
more fully umler wall forms (H(*e page 22!l). 

Steel Clamps.— Adjustable steel elnmps feir {damping and luljiisting 
forms sheuild be built on praeftieudly indewtriudible liiie*s» gi\iiig rapi«l 
reaeljustme*!!! in all elasHcs of fornm. (1amt»s sliould be reiiiineil 
without the use of crowl)nrs, liammers or other tiHiIs, f leavy i ‘ idfiiiipi4 
may be used to secure forms against pulling iipiirt. They will be 
found to be bettor than bolts or tie roels for column Imxes ami beam 
forms. 

Bracing of Porms.—All forms must be Hccurely brncetl tti 
stand the loaels that (*ome upon the‘m and preserve their iiligiiiiinit. 
but the braetes hIiouIcI he designed tei resist all teiideiiey to ^liiie. find 
may be UHel(*Hs if put in without thought, Weauleii pieces mji) lie ti**ed 
for this purpose, ge*nerally 2x4-in. scantling. Wire mil 

be useel, as the stretch in (h€»se may be elwiistrous to I lie *4friiriiiii% 
Bra(U'*s should be firmly f!xe*d at the foeii luiel tep, mid iis ifiiiiiy In 111*1**4 
and supports used as may be ne'ccHsary to prevent elefletdiiui friiiii tlie 
working of the concrete. In other weirds, tin* piwfs miii liriirw tiitmild 
be of siiflicient strength to make a priicticiilly iitiyiiddiiig Mtipjiiiit tie 
the sheathing. Several metliods of hriicing foriiw for heitvy l‘l♦llrfe|e 
work may be employed, as follows (in coririeethiii, mw Wnll 
Forms, on page 227): 

(1) Witli outside inelinecl braces, leaving the iiiteritir tif the fiirm 

unobstructed. 

(2) Tie-rods across the interior of the form, roiiiiiirttiig 
peists at fnafuent interviils. 

(B) Each pout trussed vertically and tied mrtmM iit lufi iiiiti 

bottom only. 

(4) Horizontal tnwsee! walls outside of piwli. ifiiiwl 4 fti II ft, 
apart in the vertical and tieul across at the ends. 

Inclined Bracei,— If thin bracts arc iniployed they ilirmld lie In 
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{tairn, out' uii tatlaT n! tin* vini’u'al post, and uiiuk’s lo a(d. 

!»y rr«iHs> piiM’fH iiaiital ti» llu* twti planks. 

Bracing Forms with Oross«Ties. An(»ilier uudhotl of hranni- lonns 
Is to i'taisfrui‘f (hciu uith ciiiHN-bt'lwtaai tlu‘ Troni and hark, Ihrsc 
lias to bo |»!at*t‘d at trtH|uoiit iHtor\'als alnjvt' tin* lo\vt‘r portion ol’ the 
fc»rm and to la* r<*rrH»vrd as tlio ronrn'ta is InuH np, tlio siuddin.i^ out 
<d wliii'li fho foraiH ai't» iauiNfinirtod boiiax Hii{|j(d(*ntly loittr to (‘xt(*n( 
abo\t* till* tup t»t fho litiislaHl iiiasoary, and at least oiu^ sc‘i oi’ ties bein|i 
used iiho\e this lt*veL 

CoMtrnctiott of Forms in Gonerid.-.Forms should bo so com 

itniefed I lad they eau bo reiian’otl without injury to tin* eonereic*, and 
lilt’) eaii bo ereetod aeiniratidy, (‘oustmeti<»n which noeessitatoH the 
iHo «d lioai\y eritwhars or hiind-HledL»in.L? to take the forms apart 
slioiild ind bi» porniiltial. In nllu*r words, the fornis should bo so 
Hfotirial ill all parts nn P> pormit their remcnal withotd. dan'ror ed 
file eniieioto in juiy way, (’are in the* construct ion of the 
foriiH tiinferiiiily in the apponraina* of tin* finished work. It is 

ii*^iiidly found that ilie vim* and Jiuh^'nHnd. displuy(‘d in the construc- 
lioii «if Ihf* foria-’i 1*4 a eriferlou of the entin* const met ioia nnd that 
the re^^iilN of car<' in this work will insure a safe stnuduro and a 
fine, eloiill iippeaninee. 

Brtetloa m Arraiig«mint of Bnildlng Forms. Thv nrraitircment 
of foriiis and eeiileriui* in hidldiiiir constrnelton shonbl la* such that 
the sliili ei’iiferiiii: and sides of hmuis, i^irders and column forms can 
he relinked lir^t and tioii jdlow tiie bottom of Ihsuiih and irinlern 
to be supported for ii loiiirer time. Tlie forms will thns bc^ hd*( a 
huiirer liiiie tinder nienibiTH hubjeided to the ixreatiu* stn*sH, In erect- 
iii*r foiiiis, biiildiiii? InioH niiisl be carefully pre.servcai by means of 
si retched between the points previoithly iieeurately set by sur- 
\inor*i4 iiislrttfiieiifs. Free!, line and plumb the eolumn forms first 
fsee |»ii|,:e l!l if; erect, line mid level tin* beam and ^Irdc*r forms 
iiiiil Md the tieiiiii fiiol idrder staidu|,? fsee pai^e 2lft), and finally ereet 
iiiid Itnel tlie t^liib c'eiilers mill their supports {see paj^e 221). Forms 
i4liiitil4 be Ptetied in micli sef|iience ns to fdlow the eontraetor to 
lip\ out Ills Wink Hit iiH to reilttee tin* widkitu^ over and on settinK 
eiiftrrele» to 11 iiiitiiiiitiiii CH»e pii^e XH), Tliis is an important eautitm 
mill by riiihts m wnrlliy of beimj plaeed on a larjre si|,m on every job. 

The fiiriiiM sliiiiiid be su constriniiak iti all eiiHes, as to leave propiu" 
liieiiCM, groifirs, opeidliv! iiinl briiekefs in the eouerete, for supportin|( 
till* lUiils Ilf I lie beftiiis, eil'orn of floors, and ends of walls, etc. 

Swelliilg of Formi. Forms Hlmuld he so framed tfiat swelUtiK 
mill fiot friicltire the eoiiciete nr prevent easy removal, Fare must 
be liikeii tfi pftneiil work tVoiii heiiii; thrmvn out of plumb by 
of iiimber ill fioiiis, If the forms htnin^^ out <d’ place, the 
ffiiiiuete liiiiy ilott f»iit iitiii be wasted; amk at bent, any sprim^inir of 
tile Will injure tlie iippiMriiltee of llii' Hurfaee of the finished 

^triiiiiiie. The IioiihIs filioiild be planed or bevel on one the 

full Widlli betii|,? llie eoiicrele, in order to prevent exeeHsive 

ori:»»iiie aiid Iwiiivttitf of fornii dui to »wulling. The narrow cdKo 
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of a board will tlien be broii^^lit in contact, with the wide edge of 
the next, and so on. A closer lit will tlion be secured. In this 
connection, see page 205. 

Openings in Forms. —All forms .should be so constructed as to be 
readily accessible for inspection at all places and at all times and 
to be easily cleaned. Openings should be. providcsl in the forms at 
the propcu* places so as to permit of the ready inspection and cleaning 
of the spaces to be lilled with concrete (see page 285). 

All openings in forms must be etTeetually sloppcsl to prevent the 
escape of water so far as praetieal)le. For stopping holes in the 
bottom of forms, pieces of tin may bo uscal. They can be made from 
old tin cans or obtained from a neaiby tinsliop, and short nails can 
be used to fasten them over the holes. Fare must he taken to see 
that the tin is propeudy centered over the opening atnl tliat no eraekB 
are left, in order to pr(‘V(‘nt leakages or (‘scape of mortar from llu^ 
concrete. For holes cut in upright forms (columns, tor example) a 
secure plug may Ix! made of a pmee of wood, a little smaller than 
the hole, with a piece of tin fastentMl to it and projecting over the 
edges. This is inserted in the hole with the tin on th<» inside and a 
small wedge placed hetwinm tlu* sidt* of tlie plug and tin* edge' of the 
hole will hokl it in place until the conende rises to that level, aftc^r 
which the pressure of the con(Tett‘ will hold it. 

Beveled Corners in Forms.—Sliarp corners should he avoided, 
especially on exterior angles, as it is dinieult ho to tamp the concrete 
as to make the corners peidVct, and they are very likely to be chipped 
off. In fact, sciuare corners are contrary to tlie nature (»f concrete. 
Projecting corners are diffieiilt to make in the first plaee, as the con¬ 
crete sehiom penetrates to the very apex of the angle*; and, in the 
second place, they are liable to injury ladh when the fornw are re¬ 
moved and while the concrete is green. Onee iu’okcn, thiy canned 
be H'paired so that the patch looks like tlie balance of the work (see 
page 341). The re-entrant corner is easily made hut obji'ctionable, for 
the reason that a sharp dent in the concrete V(‘ry often fmaim tlie 
starting-point for a crack which might otherwise liiive Ijcen fivoidcd. 
Very often the form is locked to the concrete by a sharp coiner ho 
that the workmen use too much force In removing the forms. Broken 
corners are the great drawliacks in conende construct loir, tiny may 
easily be avoided by ciiamfering tlie formi «o that nil sharp angles 
are excluded. 

In other words, cornerH of forms Hliould he bevtded or filleted 
whenever possible, in order to faeilitnte their removiil find to improve 
the appearanee of corni'rs in the eoncrefe. Beveled or ffiiinded 
corners may be made by introducing the proiair triamruliir stri|w or 
round-corner molding piece's ^^Itliin tlie fornw. Tliw m generally 
done by cutting 2x2-in. stuff diagonally for in hoiw* ('iises 1 in. stuff 
is cut diagonally), or, for round eonwm, by lacking hollow 

quaHer rounds in the comers of forms. All exposed eorneiw should 
invariably be beveled unhw otherwise refftilred. In oilier words, 
wherever there is no conflict with Rpeclffe details, anglea 

ahould be filleted and re-entrant angles chamfered. Trlanfular itrips 
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ac*n)Hs the end of phuiks or hoards prevent the end ^rain of the wood 
slunvinji’ on the (iiuslied eonerete. 

Wlien !)ev(ded or rountUHl ed.ues are speediied, eare imist Ix' tak(‘n to 
nee that tin* pr(»p(*r h4‘velin«^ strips or molding’s ai‘e plaetal in the forms. 
Tills is a minor detail, very likely to he ovtndooktsl hy earpenters. 

Triangular at rips or round-eorner rnolditi^ piixrns should lie. 
thonmirhly seeured to the formwork from tin* inside to prevtmt hein <4 
misplaeee! in tlie dt^positin^ and tampinii: or puddlini^; of the eonerete, 
and should he* saturated with water to prevent swelling, with resultant 
injury to tlie eonerete* 

Water Drips.- WatcT drips on projeetinj^: haliLres of abutmemt 
etipinixs, wimlow-sillH, ete., may he formed by nailiny: a small half- 
round to the upper surfaee of tlie form a short distanee hack from 
the pnyeetinir faee. A ridire is thus left at tlu' educc‘ of the under 
side of the projeetion so that wat«*r is eompelled to drip from the ed^^e 
luul not follow* htiek to tlie main faee of the wall. 

Expansion Joints.— llevehal strips of wood may he insert(‘d ver- 
tieally (or Imri/.ontally, ns the ease may he) at every expansion joitit, 
leaviuir a noteh iih<nit U.^ in. wide, and in. deep, thus avoiding 
irregular and saggy eontaet. (See Art. 2H.) 

Provisions for Pipes, Shafting Hangers, Etc,—(’ores must be pro¬ 
vided In forniH for wiring, pip<% and for any other purpose's, as shown 
on the pliuiH or ns may he direeted liy the engineer in eharge. Ample 
provisions inuHt he nmile for Bliafling liangers in industrial hnildings. 
In building forms for ftmndations, walls, ete., eare must h(' taken 
to provide eliiises and opening for all pipes, td-e., and where any 
wtani is to \w fiintened the eonerete, to build iu holts with nut 
and stieking <mt from the faee of the wall a sullleicmt distance to bolt 
up tliii wooilw*ork. 

Form! Expostd to tho Wiather.—After the forms are built they 
should m»t he allow’ial to stiind long in the sun or he exposed to the 
WTiillier helAre being filled with emiercde. Sun and wind will desl roy 
the lieHi made piece of form wmrk. lamp: t'xposun' will throw tlici 
siirfiire out of true and open up the joints. Forms likely to he 
expcmeil t«i thi^ went her for sorne time sliould he ke»pt wet in order to 
prineiit flie ftirin w*cirk from being twisted out of shape. Tlu* false¬ 
work itiiwi be protected iigiiinst rain or snow. When it is ^found 
necessary to leave the form work empty for any hmgtli of time it 
niiwt Iw:*' gillie over %*ery carefully just before pouring the concrete, 
tlifi open joiiil^ repairiHl, and the bracing and supports lightetied up 
(ioti Aft. 24). 

AlifttMtBt of Forms.— All forms slimdd be erected m far as 
ill exact filigiiitient, iK'ith vertically and liorizontidly. One 
pciiiil ill setting forms and fiilsinvork is of the greatest importance, 
and tliiit is to ace tliiit all verticals are ahsolutcly plumb and inain- 
taitied pliiiiili. CVdiiiiin and widl forms slumld be plumb. Oirdcr 
boxes iiiitf wall foritiii should be without winds or twists, ami floor 
aliib cefift»r« Biiiuild In* lf*ve!, ete. Accuracy in h*vcl is some what more 
difllctili to iililiiiii if tliif f«»nw are set uiwm concrete which is not 
ftlMoliiftdv in inch ca«e% they must he brought up to 
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line and level by wedges or other suitable devices. Lining girder 
forms and lining and plumbing column and wall forms is high-class 
carpenter work and should be done by a few careful or competent 
carpenters, and the rank and file in the form gang should be required 
to keep the lines fixed. A column or girder which is out of line or 
plumb not only looks bad but may be required to be removed and 
corrected by the engineer. The expense for one such correction will 
be many times that which would have been involved by proper care 
in the first place. In some cases, especially in a large building, labor 
is saved by leveling up the forms with an engineer's leveling 
instrument. 

If the forms stand any considerable time between erection and 
time of depositing the concrete, the lines and levels should be cheeked 
just before placing the concrete, to see that the forms have kept 
their shape. The alignment should also be cheeked after storms and 
high winds. The alignment should be maintained during the placing 
of the concrete. In other words, before pouring concrete all forms 
should be instrumentally tested for position and horizontal and 
vertical alignment, as they must not he disturbed after the concrete is 
in place. Warped forms should be rejected. The lines and levels 
of all forms must be checked by the contractor and be brought to 
the correct lines and levels immediately before concreting. Keeping 
of forms plumb is the most difficult thing which devolves upon the 
contractor. Forms may be provided with jacks or other suitable 
device to permit realignment during the progress of the work. Any 
extra expense incurred by faulty alignment or undue irregularities 
must be paid by the contractor. 

During the depositing of the concrete (see Art. 25) there should 
be men at hand whose duty it shall be to notice when forms give 
way and rectify the trouble at once. The author has made it a prac¬ 
tice to have two good carpenters do nothing but watch the alignment of 
the forms for columns, beams, girders and slabs by driving and setting 
wedges or placing such shims inside the column braces as may be 
required. Not only the foreman but every man on the job should be 
on the watch-out for alignment in both directions. 

Workmen may err on the side of poor alignment or more careful 
alignment than the structure requires. Mr. W. J. Douglas* suggests 
as a general rule the allowance of ^^%-in. departure from established 
lines on finished work and 2-in. on unfinished work.^^ The latter 
may be increased indefinitely, depending on the size and nature of 
the work, but as a general rule the forms should be within 2 in. 

Rigidity of Forms. —Forms should be thoroughly braced or tied 
together so that the pressure of the concrete, or the movement of 
men, machinery or materials, will not throw them out of place. They 
should be of sufficient rigidity that the vibrations may not be severe 
enough to affect the setting of the cement. Rigidity is as important 
as strength, and deflections of forms should be limited to very small 
amounts. In calculating forms, particular attention must be paid to 
deflection even, more than strength. 


* Engineering News, Dec. 20, 1906, page 648. 
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W lHnTvt*i\ in tL»‘ t>piiui>u uf Uu* tonus are not suHieii'Utly 

ayed and tjrneetl or of sulVudiail streu»4tli iu any way, tlie e(»utnietor 
iimlii he rinpured uuikt‘ surh adtUtions and elum^'es as tlu^ en^i- 
‘er may tlinad at the ta)ntrnetor’s t'xpiaist*. In oilier words, forms 
iouhl hi* amply stnaar to rt*sist tlu* prt*ssure whieh will la* hrou|»’ht 
»on thtma nnm<d\% (la* nimmimr of (•om*n‘ti* a^ndnst iludr faces and 
le stillie pre^'Siire of t!u‘ Si*mi-fluid mass in Hit* cast* of eon(*ri»te laid 
et. Ah flit* concrete is In^im^: put in plact‘» tlu* forms slumld ht* care~ 
d!y wiilclu*d ftn* hreakiiu^ or huliximr. If tlu* forms do Hprin^i: undt‘r 
le weiirlit of tin* eoncrt'lt* tlH*y should ht* iinm(‘diatt‘ly hracetl to 
'event furl her hpriii^imr. hut !io atti'inp! Hht>tdd lu* made to straiiddnu 
lem, iis ctuicrefe sliould not he dtsturhed aftt'r it has commenced to 
•t. A i?reat tleal of work k liiidly marred hy the lack of ripdity in 
le forms. 

Mmmim Forms for FMsMEg.-AVhcre the snrfact* is to lie 
itHlietl liY HcriihldiifX (see Art. 4 d, pime .'IPT) or oth<*r prtict'ss retfuiring 
le ctmerefe to he still <4reen or ht'fori* it is ahoiit a wt't*k (dd, propt*r 
rovisioa tmtst he ninile, iu the construction tif the forms, for layuiix 
lire the ciincrete m fast its it rt'ai'hes the retjuired hardtu'ss. Tim 
iriiis slutiiltl he lad ted ami faHtt*m*il tomdfu'r so tlH»y can he tak<*n 
own witlitiii! jiirrinir the com*r«‘te and cnuddnir and cliippiui^ it. 

Supply of Forms.-” Sulllcit*nt forms shouhl ht* furniHlic‘<l liy tlie 
aitnirtiir to of piinhinir the work rapidly; ami if at any 

;iiie the proper rate of proirrcHS Is n*fiirdetl hy lack of forms, addi- 
loiiid foriiiH slmtild he provided, That In to say, tint contractor 
iioiild he re<|ttiri*d to provitle a Huf!lcit*nt numher of cornph‘te sets of 
IIHIM for tilt* coiwfruction to proceetl witlumt interruption. In o(lH*r 
iirdn, nil ilidayH cau»ctt hy wnitiui^ for ctmcrt'lt* to hardmi ht'fore 
fUiio\iiii; foi'fiw ulioitld he |it*rmitft*d, unless ahstdut<*ly unavtudahh*, 
Ilf! siiflicietil form iiialeriiil iuuh! ht* provtderl to allow the concrete 
I prii|fre.^H u it limit inti*rruptton. Tlu^re should lu* no fihjeetion t<i 
lliiwliiif the eoiilraeffir tt» ime the ftirms from a fluished floor for 
fie eoiiHlrtiefiiifi of an upper tier, providetl it docs not m*ecmHila(e 
lie reiiieviil of the centering’. 

Pilneii of Forins. Tin* lltncsH of fornw for use at all places and 
t III! lifiieii ^lioiild he cfireftilly jmlm’d hy tlie inspc*etor, and he 
liitiild wm tliiit liifi ortlera respectiuit the hracinm Huppfirtinir and 
driiiif. im mmli ii« tlie cleitninii iim! wettinir («oe Art. IH), riulreHsina: 
r rrplaciiiif of tlie foruH fire strictly followctl, I Reformed, hroken, 
efcctiie or fitlierwise imperfect foriiis or centers hIiouIcI lie repair<*d 
lid fiiitile witkfiirlury, or ^^Juiitld he ordered removed from the work, 
lie iii^tpecfor pfioiild take tin cliiinces and slumld m»t he ixoverned hy 
he ilcMire Ilf the coiifriictor or owner to push tin* work lieyond safe 
iiicM. lie wliiiiild report to the eimiiieer in cliarire of the work any 
ifitliiif ctiffinir of wutBlicrs iiito the forms. He Hhould also report all 
i.rifi finU ivliirii liave hriikeri umler the strain of the concrete. 

Eiipoailbilily for Accuracy or Safficiancy of Forms.—Tjie inspea- 
iiiit of fiiriiiH fiy the riiidiieer or Ills imtiiori/.ed representative during 
rf fifirr the immmn of cotwlrticlion, or any auiTcstion or asHistancii 
!ttrtittlietl tiy the eiipiieer, altoald not he construed m relieving the 
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contractor of the entire or any part of the responsibility for the 
accuracy or sufficiency of any of said forms or for the satisfactory 
completion of work to any extent dependent thereon. 

Forms for Winter Concrete. — ^If concreting is done in freezing 
weather the forms may have light sheathing outside of the main 
vertical or horizontal beams or walls, or otherwise so arranged as 
to permit heating the main sheathing to a temperature of at least 
35° F. and maintaining this temperature until the forms are removed 
and the finish completed. (See Art. 33, page 362.) 

Protection of Form Work. —The contractor should be required in 
all cases to use proper care and diligence in building his forms and 
in keeping them plumb, straight and true (see page 211) and in 
bracing and securing all parts of the work against Avind, storm and 
frost, inasmuch as they may interfere with the stability and per¬ 
fection of the work; also in all eases to judge as to the amount of 
diligence and care required for the same. In this connection, see 
page 201. 

Eejection of Forms. —Should the forms lose their proper shapes 
and dimensions, or should the surfaces become unduly roughened or 
dented, satisfactory forms must be substituted. In other words, 
forms or centers shall be replaced by new ones when they lose their 
proper dimensions or shapes, deformed or defective forms being 
removed from the work. 

COLUMN FORMS AND BRACES 

Column forms should be so constructed as to permit of their 
removal without disturbing the beam or slab forms. In removing 
forms the column molds are taken down first. It is therefore neces¬ 
sary to so design the details about the tops of the forms as to permit 
of their removal without in any way disturbing the beam and slab 
forms. Forms built complete a full story high and concreted from 
the top are essential where wet and sloppy concretes are used (see 
page 187). For columns it is necessary to make a form for each side 
and to hold the forms together by bolts or strong wires so spaced as 
to prevent any distortion. Forms may also be held apart with sepa¬ 
rators which can be easily removed as the work progresses, or Avliieh 
may be incorporated in the concrete without injury to it. 

Thickness of Lagging. —Column forms vary in thickness from % 
of an inch to varying greater thicknesses. They should be made up 
with plank not less than 1 in. thick, preferably 11/2 in. thick. How¬ 
ever, for lagging, 1%, and 2-in. plank are commonly used; with yokes 
or collars spaced 2 ft. apart the lighter plank is amply strong and 
reduces the weight of the units to be handled as well as the amount 
of form lumber required. The thicknesses given apply to forms built 
with plank run vertically. 

Fabrication of Coltiinn Form Units.— Column forms should be made 
in units which can readily be assembled, taken apart, and reassem¬ 
bled; batten boards being nailed to the planks or lagging to secure 
them together. The number, arrangement and size of the units are 
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dtitanuiiUHl !iy liu* luul sizt* of tlu‘ column ami tlio means 

iniopltnl lor Imiulliiij; ihi* forms. In some eases the units are made 
up of niirnnv >iiips, 'rins i.n to i'aeiliiaie the re<luelion in size of 
tlm eoumiiLs from llot»r Ui Iluor. F.aeh td’ (he uarrou strips represents 
tile reilueliiiii in diametm* of tlie eoiimin from t>m‘ story to the next. 
For sqiiart or reelaieiular etdtmms tlu*n‘ will he usually four units 
t»f hm'i:iii‘ 4 . one for eiieh side, plus the uumhtu* of yokes or collars 
UHe<I to him! the nitles her. Forms i\n' poly.uomil columns are 
ililllcult lo ciinHliucl in eoiuenieiit units. 

Fmmts for Oolwiim Form Unit8.--F(»r columns it is customary to 
make a form or unit for encli side ami phic«‘ around tin* trough thus 
formed horizontal friunes of 2\-ldn. tn* •Ix'-Fiu. slidT at intervals 
decided tiptm by the pressure tt» he resisteil. Two-liy-four-inch pit'ees 
lire imiieriilly used for the frames, Tliese frames (sometinies ealhal 
IhuuIh, etilljirs* ntays, tit*H or yokes) are of several typi's, of vvhieh 
tile i’olltiwiiiij iir«3 in common use: 

III Timhtr frtimrs which consist of four strips, one on each 
siifc of cidumn. Tlmn* are h*‘hl together hy mcuinH of hloeks or 
hms aiifl liJinIwiHiil wedio^H. On one sitle the phsu* may he loose, so 
thill the Slime frame cun he U'^etl for a narr«i\vcr column hy clnufuin^C 
the pOHifiiiii of the blocks or Itiys. Sometimt's tlu'Hi' frames ar<‘ niiilml 
where they crtiss ni the eorin»ra, instead cd’ havim^^ blocks and wedj^es. 

ril /liillfi/ fntmtn wliicli consist of tvvr^ strips on opposite side's 
<»f the eoliitiiii foirn. Tliese are tied toilet her hy holts (usually about 
in. in diiiitielerl. The space hack of the holt in generally lilocked 
up iiiid W'edpal. The stiips or lies exert pressure on opposite sides 
Ilf the form, while the othi r two sides are Hecun'd iiy hardw<»od 
w'edp‘a helweeii the holts iind the form. These are placed iw close as 
piwHthle to the ends of flie holts. Sometimes the at rips or ties of I he 
coliuiiii fnrtiia lire reversed, «o that the sides upon whicli tlie Ktrips 
occur iilleriitite. In this wiiy the forms are Htromrer than when 
coiislrwefetl with tlie itirtpa or wooden ties all on one aitle. WaalierH 
altouhl he iiml on till Iwilldieiida and nuts. 

i:i| fTriiii|ird /mwes, in wliieh wrought iron cdampu are uaed to 
liolil the fnriii ton'etlier (mm page 2dH), 

It mill fliiis mnm llitit column forum may he friuned or yoked 

with nciiiitliiiii' or holts, or with scantling hoards, or with 

iCiilitltiiUM cleiilf^il iiiiil wetliceci or uiiiled at the corners. In other 
wiirtli, the fmtmm iiri* wnired in various ways, hy hlm'kH and wedgea, 
liy rtiiiiiilig tlirniigli the ends of tlie pieces, hy eliimpH, staples, 

etc. The fiitir nidw of the column form are Hometlmes tied at inter- 
villi hf Ixfl ill. cioSH-pieees or frames nailed wliere they crosH at tlm 
coriier^, Sticli tie.« iis them* are not of great strength, uml coiwe- 
i|iiriilly lliev tiiiHt he |ilac«i lit close interviilH, not fartlu'r apart 
tiniti 2 ft fl ill. for cfihitisim of orertnary lieiglit. 

Spmimg 0f Fmmti, YokM, Stays, Etc.— Frattnw iiuwf he placed 
fti'iiiiiid the #iifei of the eoltiiiiti form at inter\al« ileferndned hy the 
piwstire tci he rest^leih Tli«*y tiiiist he clcmer together at tlie bottom 
tliaii at the top. to tlie liydroHtalic presHure of the wet cmicrete 
teiiilliig lo hitr»t til# fiirtiia. Tliii m eHiawialiy true when the cidmnn 
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height is 18 or 20 ft., as the hydrostatic pressure of wet concrete 
becomes very great in a high column and is liable to burst the forms 
and let the concrete out, causing considerable loss of time and 
material. There is a common fault among contractors to skimp on 
the num.ber of frames or yokes. Frames must be close enough 
together so as to allow no bulging betAveen them. They are seldom 
spaced over 3 ft. apart unless very heavy lagging is used; 2-ft. 
spacing for frames or yokes is common. They are generally spaced 
18 in. apart near the bottom of the column form, the intervals 
increasing to 24 in. near the top. 

Opening at Bottom of Column Forms. —An opening should be 
left at the bottom of all column forms so that the column reinforce¬ 
ment can be adjusted and connected up and so that a clear vieAv can 
be had through the form to detect any object that may have fallen 
into the form and become wedged; this same opening makes it 
possible to clean the form. In other words, loose hand-hole caps or 
small removal panels should be provided at the base of all column 
forms sufficiently large to gain access to the inside of the form to 
adjust the column bars and remove sawdust, sliavings, chips and other 
materials that collect in the columns. These should be cleaned out 
just before concreting (see Art. 24, page 285). The inspector should 
not allow this opening to be closed until all is in readiness for 
pouring the columns. 

Joints or Cracks in Column Forms. —All joints or cracks must be 
fairly tight, so as to prevent leakage of the liquid mass, which would 
leave the concrete porous or honeycombed. For methods of stopping 
joints in forms, see page 204. 

Beveled Strips. —All square column forms should have diagonal 
or bevel strips in the corners unless the corners of columns are 
protected by metal strips; otherwise they are liable to be chipped off. 
It is also difficult so to tamp the concrete as to make the corners perfect. 
In this connection, see page 210. The bevel strips should run the full 
length of column forms and should be nailed on to two opposite sides 
of the forms when they are made up. 

Octagonal Column Forms. —For octagonal columns a very simple 
bracing is obtained by beveling the eight sides of the column so as 
to fit together, bracing or squaring them by m.eans of a wooden cross 
inside, removable as the concrete progresses, and tied together every 
2 or 3 ft. vertically on the inside by means of No. 16 or No. 18 
annealed wire, which is loosely wrapped a couple of times around 
the circumference. A scantling may be inserted underneath 

the wire and twisted sidewise so as to tighten the wire, after which 
a couple of nails should be driven through the scantling into 

the side of the octagonal form. 

Circular Column Forms. —Architectural plans very frequently call 
for columns in reinforced concrete buildings to be cylindrical in 
shape instead of square, with bevel corners as mentioned above. 
Forms for these columns can be either of wood or of sheet metal. 

There are several ways by which circular columns may be con¬ 
structed of wood. Sometimes the forms are built up in half-sections, 
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tiu‘ ('oiitrriuix tor Uu‘ slaveys ronsf rurtiai of I', shaped 

to suit the radius of the roluima or with Hirai<^iit I'aca's, riiu verti- 
eally, and ludti louetlun' by flat ties. The (wo halves of (he eolmim 
form are htdd tt»ui*the!* eitlier by nuains of wn)u,uht iron Hat bauds 
wrapptal artnnid tlu' eolumu form and propcn-Iy seeiired with nails, 
or by means of heavy franu's or \okt‘S of woml to tit the ()utsiih‘ of 
tlie uiirrt»w laairds t»r staves; that is, with wood collars boiled 
toi^ndher. Fi>rnis tor eylindrieal eohuans are sometimes made up in 
qiotrirr Hft'iioHH, aial tlie forms to which the staves are nailed are 
siiOlcieiilIY heavy f«* ft»rm tin* yoke or collar. Th(‘se yol<(‘s or collars 
are made td‘ abtnit .’I in. stufT and nro checked out at (ht^ cormu's so that 
tlie\ can be ladtiMl to! 4 ether. Thc*y are stuicetl about as for rectani^ular 
etilimiiis (see pa^e 2!o), 

The two iiielhtHls of form constructhm for circular columns just 
di'Hcrihed ari^ those usually enpdoycal, hut tlu^ disadvuutaixe consists 
in tiit‘ fact that they lejive tlu^ etdumn markcal with tlu^ Joininj^s of 
the htiives lt<i h**^s exftmt, however, if the slavt's haves beam shapcnl to 
suit the riidius of the ecdumn). While' this olTc'rs no objeedion wlu'ia^ 
the coiierele %\tnix is to be plasten'd, and, in fact, is not nuilly obj<*e- 
tionnide ufieri' tin* ecmerete Work is «*xposed, yi't in onh'r to ^’ei very 
sniootli ccditmiH sheet metal forms arc' Hotnefimc'S nsi'd for molditi.ii: 
when the coInmiiH are to he circular in form. Wood forms are rather 
eliiiiiHy iifTairs and are expensive to construct, l\Ic'tal forms can bo 
used til LTooil iitUiiiitaixe for circular columns, and are by ocUls the 
bent for general work. 

Metal forms for circular columns Hlmuld be made in halves or 
<|itii!lers of So. Ill or No. IH gidvanized slu'et iron, with angle's along 
the edgi's for Heruring the w'vernl sections together. These fortns 
are more ecoitoinical Ilian wood, espi'cially witere considerable ust* can 
be liiiide of tlimii; for example, wdien the columns are all of one 
liinl there are a iiiimlan* of (hem. 

In joneral iiiHtiiiices alien' lauiped or spiral reinforcement has 
Inmi lined the lioii|diig liiis been wrapped witli, or nuule of, expamltal 
iiteiiil or oilier iiw^HliW'tirk, and tlie ctuicrcte tlepoHlted inside the 
eyiiiitier tliiiH fortticd, wtibottl other form work. A moderately dry 
eoiicrete fsee page IHfl) h essential for sucli const ruction. 

Oniiittsiilii Ooliimft roms.—Inirms for ornamental colmnns call 
for sfieriiil de-iiifti iiiiil const flic! ioti. For many purpose's, such as 
piindi iiiitl |ifirtieii work, llie bent plan In to mold the cidumns sepa- 
riilely iiiid erect tlicfii m stone coltitmiH of like cliaraeter are enmied. 
Jkletal fortiiM nmy be ii«wl. iSeti Art. M, pagii 5(17.) 

Spacing aid Stimriai Oolima Foms.~All ecdumn forms shonld 
be acriiriitidy t^piiml in all ilirectioui and should be set sciuare with 
tlie liiii-4 tiiiii diHUi oil the pliiiw, (ireat care must be takem^in starting 
file erection of a iiinv set of forms to keep tlu' form spacingjierfc'ct 
find cciiti-red oun^ const met loii below. Figures M, lo and lb indicidc 

kind of errors in spiicliig fiiiil Sfiunriiig that Hhonld be carefully 
w^ifclird for by the iiis|ii'cftm. 

Braclii Ooliimi Formi. In pulling up tlu^ column forms it is 

iihviiys well in briice (lieiti in two directhms liy diagonal bracc'H or 
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stiff legs nailed to the forms and secured to piles of material or to 
the floor construction. 

Light steel forms for circular columns must be supplemented by 
staging to hold them in line and to carry the ends of the girder forms 
that are ordinarily carried by the column forms. Four uprights 
arranged around the column so as to come under the connecting 
girders are commonly used. These uprights should be set close 
enough to the column to hold the form plumb by means of blocks or 
wedges. 

Alignment of Column Forms. —Column forms must be plumb and 
set true to line and without winds or twists. Rigid care must be 
exercised in seeing that all column forms are plumb and true and 
are thoroughly braced to keep them so. (See page 211.) 



Pig. 14. Correct. Fig. 15. Incorrect Fig. IG. Correct. 

Spacing and Squaring Column Forms. 


Supply of Column Forms. —In warm weather there is no need of 
having more column forms than one complete set for one story. 
(See page 213.) 

BEAM AND SLAB FORMS AND SHORES 

Slab and girder construction for floors and roofs is of four kinds: 
(1) Concrete slab and steel beam construction in place; (2) concrete 
slab and girder construction in place; (3) concrete joist and hollow 
tile construction in place (resting on concrete or steel beam); and 
(4) separately molded slab and beam construction. The fourth 
method of construction is distinct from the others in respect to form 
work as well as other details, and will not be considered in this article. 

The construction of forms for concrete slab and girder floors 
should be such that the slab centers and the sides of the girder (or 
beam) molds can be removed without disturbing the bottoms of the 
girder molds. This insures the safety of the structure, for while 
the concrete may have been assumed as having sufficient strength 
for the slabs to carry their own weight, it is advisable to leave the 
uprights or shores under the main construction (beams or girders) 
for a period of a week longer, at least, to entirely avoid any danger 
of a collapse. This also at the same time releases the greater part of 
the form work for use again. It is of advantage also to lay bare the 
concrete as soon as possible to the liardening action of the free air. 
The slabs may be similarly supported by uprights or shores wedged 
up against plank caps; no very great amount of lumber is required 
for this staging and it gives a large assurance of safety. 




FABinCATlON AM) KEBCTION OF FOFMF, ETC. 

Thi' vinmiuni mi'tluul nuistructin^ forms is to build up a false 
\\<n'k with iiulividual planks eieatetl tt^ixethor for the sides of beami 
ami wdvvH, am well as sepatrate boards for the lai^i^iui;' for tlu‘ slabs 
vUiert* the eonstruetion eousists of ^irthux, beaiius aind slabs. Thesi 
may be matle to fit an entire panel if it is md- too hir^^e for eon 
\enieuee ni' handlini^', for in all form work this feature is one whiel 
has to lie eonsiileretk The ease with which such forms ean be iaktM 
down and carried to amdiier floor and rescd is oiu* of the d(‘t(‘nuinini 
factors of their uhc\ aside from the fact of there bein|»: a numh(*r o 
stories of siiniiar tlesi^n and aizti, 

Wlu're concrete floors rest on structural 8t(»eb or whcu'e strur 
timil stetd in er<*cteil first, as a skeleton, and the tnernbers so locale' 
ii« to f(*rm tlm tensicni part of tiie reinforced concrete eonstrneticn 
the forms should be supported on the temporary steel bcmms an 
l^drders so as to tliem a emiidn slress durinijf fhe placing of th 
coiicicte, wliicli otlierwise would act as lUi initial stress in the sfec 
if the fiilHew*c»rk were supported from below. In of her words, if th 
rtdiitorced concrete rests on structural stetd or part of tlie rcinfona 
iiient consists of structural steak the forms slanihl be suspcmde 
from Hiiid stiad, that the latter may obtain its dcdhadion or inlfh 
stri^Hses line to the dead loads while tlie ccmerete is seftinij^. 

Thickilif* of Lmmbir for Hoor Forms.— For sides of bcmms < 
Ifirders. tdtlier I4m or lumber is suflicient; usually a eliee 

grade of wood in used, sucli as sap pine. Tlie bottoms of beams an 
girders slimild Iw^ tif 2-in. stuff, altliough «tuff is often usei 

Ttie lagging <»f slabs should be lVk«in, stuff, but it ean bc' as ligl 
ii!4 I ill. if flip boards are narrow, say not over (1 im wide, and (ongm 
mid grooveil together. In fact, for floor panels l-in. hoanls are moi 
ciifiiiiioii, lilt bough if the Intilding is eiglit or mc»re stories in heigl 
1 in. St tiff, of «tft wcHid, i« likely to be pretty well worn out ladb 
the top of the liuiltling h reached, and the under surface of tl 
concrete ttill slunv the wear badly. All lumlier should he planed i 
the side next to the concrete; this pennita the forms to be retnovc 
niiicli ittiire i*fi«ily. The f<»nit boiirda for slab const ruction arc vci 
often iiiiitie of toiigiiioiiiid-gria*ved inalerlfd of 4 4 or fi/d dresHi 
yellow* piiie llmirtiig aurfiieed on one aiile. 

PropH or shores ftir sbtb and beam forttw are uHually of dxd-i 
tiiaferiiik 

Ptbrictti©a of B«Ma and Glrdtr Bolts or Forms.--- Inverted box 
with tilt shies iiiiide with a draw form ii common mid hod of co 
ilriiftiiig tliw type of foriiw. Tim lides of bimma and girders can 
liiiide is|i of two pltiiikii or whiifcver numlair m r#(|uirtMl to make I 
deplli, iiml tliem^ btf battened or cleated together ho that eaeli si 
Clin be liiiiiditfd «» one piece. Wliirii the beam i« only 12 im 
ileptli It ii atwitiitiiiry to ii»ii a single board on the side, hut whe 
tlie Iteiiiw fir girder* are Ifl or IH in. in deptli, then two or me; 
biiiirdi riiiiiiiiig lengtliwifie of tlie construction are <miployed. ^ Thi 
lire cleiited tugiftlier, being cut to length, the cleata being naihai 
before the nitlw of tliti fortiw are put in fdiici*. Tiieae cleats aet iw 
fiiipiairt for tlici joiili which «iip|Hirt form boards of the slab; 
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strips may be nailed along the cleats or battens to support the joists. 
Cleats are usually spaced from 18 to 24 in, on centers on beams and 
girders, sometimes every other one projecting about 4 in. below 
bottoms to nail on cross-piece. Joists are placed at each cleat to 
brace sides of beams and girders. Where the beam forms intersect 
with the girder forms the sides of the forms of the girders are cut 
out, and this cut-out is reinforced with cleats on the side and on the 
bottom, to act as stiffeners and to support the beam form. When 
the floor slabs and their supporting girders are built monolithic, a 
2x4-in. strip is veiy often nailed along the outside of the beam forms 
to carry the flooring for the slabs. 

The sides of beam and girder forms should be splayed slightly, in 
order that they may be readily removed. If the forms are not made 
with the sides on a splay it will be difficult to drop them, as the 
concrete is very likely to adhere to the beam or girder box so as to 
make the task of removing the forms as a unit almost an impossi¬ 
bility; hence, if the design of the beams and girders shows these 
members with plumb sides, a slight deviation from the design would 
be necessary with this type of forms. 

The side of the forms should project down past the edges of the 
bottom of the beam and girder forms, to permit the bottom to remain 
in place while the boxes are being removed. 

The sides of beam and girder forms should be held tightly together 
by wedges, clamps or stiff braces, to prevent the pressure of the con¬ 
crete springing them away from the bottom boards. Wrought iron 
clamps are frequently used in place of extra nailing on the bottom 
edge of beam and girder forms. 

All beam and girder boxes should be true and rigid, and tempo¬ 
rarily braced to stand handling and erection. They should have 
tight joints (see page 204). The sides of the beam and girder forms, 
when these members are to be deep, are sometimes so poorly braced 
and constructed as to bulge or warp. In fact, beams and girders are 
frequently badly twisted and sagged, because the forms are so poorly 
constructed that they cannot properly bear the weight of the con¬ 
crete, thus spoiling the appearance of the floor system. While such 
carelessness may not produce an unsafe building, it is usually a 
criterion of the remainder of the work. 

Openings in Girder Forms. —A pocket or loose hand-hole cap 
should be left in the bottom of all girders in a way to permit of the 
cleaning out of chips, shavings, etc., after the columns are poured. 
It is the care exercised in just such points that results in securing 
work which is first class in every respect, for it must be remembered 
that concrete once cast cannot be repaired without taking out an 
entire member or section of a floor, so that it becomes a very serious 
matter. Attention to details will obviate the necessity for such a 
procedure. 

Diagonal or Bevel Strips. —All beam and girder forms should 
have diagonal or bevel strips in the corners. Triangular strips should 
be tacked along the corners of the forms as a fillet to cut off the 
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cornar hy a plaua niukin*^' acjual angles with the adjaeout faces. 
C'iuuutVrs .should orrur iiol only on tiie bottom edge* ot‘ all beams 
and girdtu'>» l>ut also in the et*iiiug anaU‘s, to prevent spalling olT of 
the <*urat*rH when rt*moving forms, as tin* custom of using small crow¬ 
bars to fttree the loiuns tdT the concrete is lik(‘ly to break oil corners. 
In this connection, see page 210. 

Camber of Beam Forms.- -Wheti a load is placed upon any struc¬ 
tural material like a beam, the stresses cause it to beiul or tlctlect a 
little. In forms there is a slight movu’ment dm* to the adjustment 
of till* wedges under load and the compressitig of tin* lumber, so 
that it is advisable to raises tin* laaim forms slightly higher in the 
center tlian at the ends. It is wt*ll also to give tin* girder forms a 
eainber or to crt»\\n tliem to allow for sc'ttling of the falsework. A 
rough ride for this is to assume a dc'lleetiou (d‘ the forms and of the 
tinished concrete Immi or girder <*(junl to about *% in. I'or every 
10 ft, of spnin ill ordc‘r to proviih* for H(*ttleuu‘nt under load. The 
ladtmiis all beam and gird«*r forms should iapi^ olT uniformly to 

each eml, and they slioidd la* rigidly to this line. The bottoms of 

beam itiid girder ftirnis arc< camb(*r<*d st> that any sag in tin* form 
will not give tlii' appearance* td’ sag to (he lieain or gird(*r. In other 
woials, ns (!»» f«ninH will have* nmn* or less of a sag after b(*ing filled 

witli coiicreti*, It is cnstoiniiry tt> give them a slight camber so as to 

miike lliem iihHolufely litiri/.ontid wlH*n (he concr(*te is Inirdened, 
Eriction of Btam and Cirdar Forms.— Beam or gird(*r hox(‘H must 
friiim* into coliiiiin boxes, and can* must In* tak(*n to st‘c* that the 
jtiints at the connections ar<* «‘Hpcciidly tight, as there must he no 
leakage of tlie concrete at or near the c*ndH td’ lH*am or girdt*r spans, 
fiH tin* slicfiring i>freHH Is gielites! at tin* (‘luls of spans, AH joints 
tliriniglnni! Iieiim and girder boxes must be fairly tight, so as to 
prevent Icfikiige of the lii|nid miiHs, which would leave the concn*to 
|M»rmif4 or honeycomhiHl. (See page 204.) 

In stiriie instances steel hf*amH act as girtlcrs for the support of 
concrete beaiiiH, ami flic forms must lie hung to these heanm; in 
^ut*h ciiHcs lomg liolts or r<»dH can he hung over the steel beams and 
exteml bebiw the Imltoni flange Hufllciently far to permit of a lieavy 
Htriiigcr riiiiiiiiig piiriillcl to the steel l)t»aniH to he si*curcd lht‘reto, 
ami net im n secomljiry beam or support for tlie forms of the concrete 
bcanw. Wfiatever method In em|4oyed, all parts should figure strong 
cnoiiiih III curry loitils coming upon them, the same as if tliey fonm*d 
a perfiiiitieiit coiwlriictiom 

Fabrlcttlon of Slab roms.«-The centeringH for the slab pam*lH 
arc iiMiiiilly put up in Hccfioiw amt c.lcatcd or battened togc*ihcr, and 
when* the retiifiOTCil concrete work is properly designed the panels 
between the lieiiiiiH lire of uniform si/.c, so that these bnttt*ne(l form 
boiird *4 tiifiy hr in the const ruction of Hc*veral floors. Forms 

for floor hI’iiIis slioiild be mmle in uiiits, way two or four pieces to a 
IMiiiel, or more, if tlie panelH are large enougli to warrant them. A 
very g«mi sy*4teiii to employ in constnicting forms is to have* the 
kggdiig for Mbbs tiiiide up of Ixilhu touguc-andgrooved boards bat- 
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tened on the under side^ forming panels made in sections that can be 
readily handled without taking apart. 

All slab forms should be well braced to prevent any sagging. 
If l-in. form boards are used they should be supported on joists 
spaced not more than 2 ft. apart. Joists are usually supported on 
2x4-in. strips fastened to the sides of the beam forms, or may be 
independently supported. They should be held up with a line of 
supports down the center line of panel. Where joists abut on beam 
forms, wedges should be used, being properly keyed in place. Tight 
fitting except by the use of wedges should not be resorted to. No 
spliced joists should be allowed at any point. Joists may be of 3x4 
or 2x6-in. stuff. Sometimes 2x4 or 2x8-in. stuff is used, depending 
upon the span, spacing and weight of slab. 

All slab forms should be true, level and out of wind. 

Centering for Hollow Tile Floors. —^Hollow tile and joist con¬ 
struction consists of a number of reinforced concrete beams sepa¬ 
rated by spaces into which the tiles fit. The construction of the 
forms is a very simple matter, as there is very little boxing. The 
common form of centering consists of planks, a little wider than the 
concrete beams, set where the beams are to come above. The tiles are 
placed in rows (3 to 5 in. apart), with their side edges resting on 
the planks, and form the sides of the concrete beam molds, a 1 to 3-in. 
slab being laid on top, connecting the beams laterally. An important 
feature of this type of construction consists in providing proper 
support of the flat lagging by means of shores or props. 

Centering for Floor Slabs between Steel Beams. —The construc¬ 
tion of centers for slabs and arches used as a floor filling between 
steel beams is a comparatively simple process. The centers usually 
consist of flat or curved lagging carried on straight or arched joists 
suspended from the steel beams or girders. In other words, cenievs 
for floor slabs between steel I-beams are made by suspending joists 
from the beam flanges and covering them with lagging. Frecjuently 
the joists and lagging are framed together into panels of convenient 
size for carrying and erecting. The construction is a simple one in 
either case where slabs without haunches or plain arches form the 
filling between beams. When the floor slab rests upon the top flanges 
of the beams the lagging joists may rest upon the bottom flange of 
•the beams. A more complex centering is required where the slab has 
to be haunched around the I-beam. When the filling slab consists 
of either a flat floor plate or floor arch and rests upon the bottom 
flange of the beams the lagging is sometimes hung from the bottom 
flanges by hook bolts. When hook bolts are used to support forms 
from bottom flange of beams and the bottom flange of beam is pro¬ 
tected by a layer of concrete, the hook bolts should be sawed off 
flush with the face of concrete. 

Wire ties are sometimes used to support the lagging, being attached 
to the beams through holes punched in the top flanges, and pass 
around and support scantling, which in turn supports tlie lagging. 
Holes when bored in the slab forms should be at least % in. larger 
than the wires, in order to take down forms without injuiing them. 
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Support of Floor Forms. —Floor forms are usually supported at 
the ends by wall and column forms and at intermediate points by 
shores (sometimes called posts, props, shoring, staging, studding, 
studs, supports, uprights, and vertical pieces) resting upon the floor 
below. In other words, girder and floor supports usually consist of 
uprights set under the girder form at intervals and occasionally under 
floor slab forms. These uprights rest on double wedges on the floor 
and bear with their upper ends against the bottom of the beam and 
girder forms; that is, they should bear against a cap piece and on 
a sill to distribute the load. They should be used freely and should 
we wedged up tight at bottom and top. Shores should be set up 
and do their duty without hard driving, which is sure to injure the 
setting concrete under them. 

The inspector should observe that the supports of floor forms are 
sufficiently strong to carry the dead load of the wet concrete (sec 
page 202). Many failures have been caused by weakness of the 
supports for concrete centering. Additional shoring must be provided 
when necessary to prevent sagging of forms when receiving concrete. 
All especially heavy construction should have the supports beneath it 
doubled, and all trussed work for the support of concrete should be 
submitted to the approval of the engineer before being used. 

The inspector should also observe that the floor forms are so 
placed and so supported from the ground where the uprights rest 
upon the earth as to prevent warping, twisting or sagging. When 
the uprights supporting the first tier or story rest on the ground 
it is a very difficult matter to maintain a strictly level floor, due to 
the shores sinking in the ground when softened by rains, or in cases 
where tlie ground is of a yielding nature; in such case it is best to 
truss from shores set on the column footings, and run jack trusses 
from tliese to suppoii the forms above, thus avoiding any settlement 
of the forms due to improper foundations. Trusses should also be 
used where it is desired to hasten the laying of the finished floor, 
especially the ground floor for the trenches can be dug for pipes, etc.., 
wnthout having to wait several weeks to remove the shores which 
would be in the way of the work. 

While it is generally customary to support beam and girder forms 
by shores or vertical studs, sometimes to save material, and at the 
same time in order to brace the studding, the sui)ports for the forms 
are differently arranged. Instead of using a number of shores or 
supports to the length of each beam or girder, only two are used 
and the intermediate supports, are obtained by cutting in oblique 
braces on each side of the upright. Where the supports are arranged 
in this manner the vertical pieee is generally made of about a dxGrin. 
piece, while 4x4-in. or 2x6-in. pieces are used for the braces. The 
braces are cut to the proper bevel to fit the under side of the bottom 
form board, and at the lower end to fit against the vertical. They are 
wedged to the vertical against a cleat or batten and nailed in order 
to prevent any possibility of their slipping. The upper ends of the 
oblique braces are securely wedged in place so as to bring an initial 
weight upon them, and are then secured from slipping by cleats or 
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battens and further wedging. There is a decided advantage in this 
method of stud centering, and that is that the oblique braces stiffer 
the story construction laterally and prevent any dangerous vibratior 
or swaying when the fresh concrete is in place. 

Bracing of Floor Forms. —^All floor forms must be securely bracec 
to preserve their alignment. Bracing is frequently done carelessly 
and must be watched, particularly in regard to its sufllciency to pre¬ 
serve accurate alignment. Where it is possible, several shores shoulc 
be connected by nailing diagonal and horizontal boards to the shores 
thereby lining and bracing them with a stable falsework. All shores 
under forms should be braced at right angles in both directions, one( 
in the height if the story is not exceedingly high, with, say, lx6-in 
ledger boards set about 6 ft. from the floor, to give headroom to work 
men on the floor; ledger boards should also be run at the lop oJ 
the struts in one direction at right angles to the beam forms anc 
the sides of the beams wedged upon them. In other words, the shores 
or uprights should be stayed along the line of the joist at the toj 
and longitudinally and transversely about midway for stories no- 
exceeding 12 ft. in height. This prevents accidental dislodgment anc 
swaying of the building. 

All forms must be securely braced to withstand the loads tha' 
come upon them. The effect of the wind on exposed structures 
under erection should be carefully provided for as well. Litth 
attention is paid to this danger, as a rule, but with works carried oi 
in exposed localities subjected to considerable pressure, at times i 
is a menace that is well guarded against by providing sufficien 
diagonal bracing between the columns and shores as well as betweei 
beams, to prevent any dangerous vibration or swaying when tin 
fresh concrete is in place. AH studding must be well cross-braced 
especially in the upper stories, to resist wind pressure. 

A feature that should receive more attention is providing ai 
adequately stiff or rigid sway-bracing for the centering. In dis 
charging the contents from a wheelbarrow (some 200 lbs.) into i 
girder or narrow column there are often produced jars and latera 
movements which may affect very materially freshly placed concrete 
in adjoining panels. In all eases care must be taken to secure false 
work of sufficient stiffness. The inspector should carefully observ 
that the forms do not shake or vibrate, as any motion destroys th 
proper set of the concrete (see page 212). He should be very par 
ticular to see, before any concrete is poured (see Art. 24), that al 
forms are secured. Braces must be flrmly fixed at the foot and to] 
and must be stiff. 

Location and Spacing of Shores. —Shores or props must not b 
located haphazardly. They should come at mid-span, one-tliird-spar 
quarter-span, etc., points. In other words, they should be placed a 
such frequent intervals that no material deflection can exist betwee 
supports in the beam and girder forms. Should the beams be ove 
8 ft. apart it may be necessary to introduce shores under the laggin 
or forms of the slab, unless the shores under the beams are mad 
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extra heavy and the cross-beams under the lagging designed for the 
extra long span. Too much stress cannot be placed upon the impor¬ 
tance of having an ample number of shores under the forms to hold 
them rigid and secure while the concrete is being placed, and to be 
so placed as to pre^'ent sagging of the beams and girders before the 
concrete has hardened; many unsightly pieces of work have been 
performed due to lack of proper regard for this essential. Shores in 
each story must be located over the shores in the stoi-y below. 

The spacing of shoi'es or props will be regulated by the judgment 
of the foreman and boss carpenter; no general rule is applicable, 
except that enough lumber must be used to hold the forms rigid 
and true to line and level. Usually 3x4 or 4x4-in. pieces are set 
under centers of beams and girders varying from 3 to 5 ft. apart, 
according to the spacing of the beams and weight of the concrete to 
be put in the forms. As a rule, the shores should be placed under the 
floor forms at centers not farther apart than 4 ft. 

Length of Shores.—Shores should be cut to proper length for 
the work, the length being such that the cap and footing pieces can 
be placed and the double wedges can be started and tightened. If 
the shores are cut too short, excessive blocking-up is necessitated 
and the support is liable to be unstable; if too long, they have to be 
hard driven into place, with danger to the form work. 

Splicing of Shores.—It is the practice, in supporting slab and 
beam forms, where studding or shoring is used on different floors 
and the stories vary in height, to piece out the studding by nailing 
strips or cleats on the sides. Although such practice is probably 
necessary in some cases to secure economy, it is not recommended, 
because it is diflicult to get a good square bearing where the two 
pieces of the studding abut, and quite frequently the supports of 
floor forms are dangerous from the fact that the ends of the stud¬ 
ding and the piece used to make the extension do not bear squarely 
and are held from failure by the cleats nailed on the sides. The 
weight of wet concrete is considerable, and if the ends of the studs 
or shores bear only on an edge there is a tendency for them to buckle, 
or give, and unless the splice pieces on the sides are long and securely 
nailed such supports are an element of weakness and are liable to 
cause a serious collapse. Particular attention must therefore be paid 
to the piecing out of the shores supporting the slab and beam 
forms when they are used in the construction of the upper floors of 
an exposed building, as a combination of circumstances, such as a 
heavy wind storm, with the wet concrete just placed, might cause a 
failure of the supports, resulting in a bad collapse with its accom¬ 
panying loss of property if not of life. 

If the shores or studs have to be spliced, pieces of 1-in. material 
equal to the width of the shore should be placed on all sides. In 
other words, when an exlension of this kind is made to the studding 
tlHM’e should be cleats nailed on all four sides, though it is usual to 
find, that one of these cleats has been left off. It is well to brace 
ilv'se splic(‘s against possible failure with ledger boards or braces. 
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That is to say, where numerous shores have to be spliced they should 
be well braced with cross-bracing and ledger boards. 

SoLuare Ends on Shores. —The ends of all shores should be sawed 
off square so as to have uniform bearing on wedges. 

Wedges. —^All shores should rest on wedges, driven in pairs to an 
even bearing. In fact, wedges sh®uld invariably be used to obtain 
the correct adjustment of shores, and should be loosened and removed 
without producing undue strains in the floor system. Wedges should 
preferably be on the floor at the bottom of the uprights or shores, 
where they will be accessible when adjustments are necessary. After 
leveling up forms the wedges should be nailed, so that there will be 
no slipping, or the wedges may be made sharp and thin enough to 
stick without being tacked. All wedges should be so constructed 
that the outside surfaces of any two wedges will be parallel and cut 
from 2x4-in. scantling. Wedges are most convenient in tightening 
up falsework and removing it again, afterwards, without shock or 
vibration. 

Footings for Shores. —If the concrete floor is comparativ^ely green, 
or the ground is soft, or a tile floor is used, the load from the floor 
above must be distributed by means of blocking, preferably of 
hardwood. If this is not done the supports or shores are sure to be 
pushed into the green concrete, into the ground, or to break the 
tile, causing a sag and possible cracks in beams and floor slabs. No 
shoring should be erected over soft ground or concrete less than a 
week old (never over tile floors) without a footing block of ample 
size to properly distribute the load. 

Form work for a reinforced concrete floor is so carelessly con¬ 
structed at times that the ends of the shores or props rest on soft 
earth in such a manner as to allow the beams and girders to sag 
under the weight of the wet concrete. The concrete sets with this 
sag in the beam and girder members, and the entire floor system 
looks as if it were greatly deflected. If shores or other supports for 
reinforced concrete work must rest upon the soil, they should have 
placed beneath them, over good soil, a 3xl0-in. plank at least 3 ft. 
long. Where the soil is soft, several planks should be crossed, in 
order to get sufficient support to prevent settling under the weight 
of the concrete. 

Caps for Shores. —The shores should be properly capped with 
plank or scantling to distribute the pressure, especially where the 
shores are used to support floor slabs or beams after the forms have 
been removed. 

Covering Slab Forms with Paper. —Forms under floor slabs are 
sometimes covered with resin-sized sheathing paper lapped 1 in. at 
joints and tacked in place, but its use needs constant attention in 
order to secure satisfactory results. It is somewhat difficult to 
keep the paper absolutely smooth so that the final surface does not 
show wrinkles. Unless the paper is very oily it will adhere to the 
concrete, necessitating that it be burned off so as to effect its removal, 
as a thorough soaking very seldom removes the paper entirely. (See 
pages 204 and 234.) 
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Tha aoiwtruflitju ol* toriUH tor walls, while not involving the com- 
ph'x c'urpeiittH' work demundetl by floors with beams and girders (stn* 
pugr 218), duos reciuire great care in providing suflkient bracing to 
mainfnin the forms plumb ami true to line. 

Lumber for Wall Forms.- For oi'dinary walls IV^-in. lumber is 
good, although for heavy constriudion, where derricks are used, 2-in. 
stufT is preferable'; while for small panels l-in. boards are lighter 
ami easier to handle. One-aml-one-half-inch stuff is usually used 
for walls, with or 2x(l-in. vc'rtical upright ou each side, spaced 
not cH'er II It. ct‘utei>i. Under no conditions should exterior walls be 
east in liuilds made of varying thicknc'SH, regardless of what finish is 
adopteti, H\en if plastered *(4 in, thick, it will always show a 
dilTerenfe in color wlnm the tinished surface dries out. 

Tlie furnis for all walls should he of lund>er planed on one sidc^ 
ami doiilde cniged. One edge slundd he slightly bcweled. Tliis beveled 
edp' may be placed against the straight t'dge of the nc'xt plank and 
driven to form a tight joint with an even surface'. (See page 205.) 

Fabrication and Erection of Wall Forms.-"- For structures having 
large areiiH of flat surfaces, such as a retaining wall, the forms are 
soinetiiiies made in panels or sc'clions, which, aftc'r thc^ concrete has 
set, limy bi' taken down in t»ne pic'ce am! be sc't up again, thus facili¬ 
tating tin* placing nml the rt'inoval of the forms. All wall forme 
slioiiiil preferiibl> lie made and erected in sc'ctions or units, for con¬ 
venience in hiindliiig find removal without injury to the completed 
work. Ill biiildtfjg construction, movable forms are commonly em¬ 
ployed for wiiHh more tlian <»ne story high, and should always be 
employed above cim^ story, to save staging timber. A good method 
of ct»iit4lrtirting tlie forms Is to make large panels of tongue-and- 
groiivetl boiirtlH, ns mentioned for slabs, on page 221. They are 
fimteiied ti»getlicr with battens or eleats, and plaeed one above the 
otlier or emi to emt, m may be required, bi'ing lu'ld lightly nailed to 
tlie tipriglif floats. The panels can be used over and over again if the 
wall no!ill mill extensive. 

Forms for thin reinforced walk are generally miule to be sup- 
by tlii« concrete iilri'iuly in place. Tim bottom board in wall 
forms shoiild be pliiced Inst, wlierc practicable, so as to permit 
elmiiing the foriits Hee Art. IH). Wall lies, either holts, wire or 
ateel, sbottbl be put lliroiiiili at right angles, or square with the wall, 
otlo'rwke flic forum mill be skewed^ it should be of an approved 
design, nitcli Ihnt no Ironwork is left exposed on eompletion of the 
Wfilb Ail fmttm slioiiUI be wiudded earefuUy to avonl bembnig of 
lioiirik between stink. 

1 1 rent cure i^lioithl be taken in handling panel or seetional forma 
for ttiilk, 140 104 iti»t to batter the edges. If they are battered, or if 
pIiiiikH lire %viir|ii'i| so its to open up a joint, it may he fille<l or made 
stiiiiiiiil by iiiriiiw of II ^trip of wood, oakum or putty (sec^ page 204). 

Intirlor Support of WtH Forms.—Honu' deviec* must be provided 
til pi mill! the furiim fruiii Induing autl at the same time keep them 
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the prop(‘r dislanee apart. Fonua when uh**<I mi ludli af a 

narrow wall can be Ia*hl tou<*t!irr by wiich «ir H|iri*ial dm irrH, 

In other words, the upriirlifs .slicmb! b«* pr«*\iiilrd fimii >»pri‘atiiii»4 

by meatiH of bolts runnin.u' throuuli the hi, iih t-"* HuiurfHu* 

ease^ by No. 10 wire loops exlondcd aroiiiid I lie iipritrbt’<» i»ii botli Midf s 
of the wall and twist<*d uilhin tin* laid) of flie wall to imfil fin. 
forms ti.4ht np a.U'ainst sprtaulers m’ struts plarrti liiiwiTii Hie fiiriiiH. 
Wooden stmts or ccmcrctf' Kfruls rimy be fur siipinn iintr i^nH 

forms from the interior wliile llllinif, licitiir so Hpiiri’il an ft* utmi^iit 
distortion. Tht» stmts or spiici»rs slitntlil iilwiiV’^ In* filiirml 
the sheathini^ is stipportml by a sfinl, iiini the ttiri’ f||,, 

stud or uprii^ht; then liy twintiiiir the 'ur«* wltli n ditni iiiir or piiwe 

of wooil the fornm can be dniwii tiinl lielii rlirnlly in pliire tliiriiiii 
fillin^iC* When the concrete lias beeii pliiri«il ti» I In' inrl nf 
or spreader, it can be remcrvt*d iiiiil the tteiolit of llm ro!ieri'f«< will 
hold the formw apart, Womlen struts iiiiHi In* iriiHiioil wln^i tlie 
concrete fills the fornm w!ieri» tlnw* oceiir. 10111*11*11* Hiinft-s ntn) In* ||if| 
in if so df‘Hirf‘d, On renimnl «f the fnriim Hie Hliimld lie ml 

close to the eoricref<s tlie edinm ? 4 ffi\e in iviili it piiiirb, siiif f|iii • 4 iirfiicii 
smoothed ovcw, 

Ei:terior Bracing of Wall Formi,-.The fmiii*!, in iiildiiinii to tin# 

interior bracinir, sboub! be linireil mi tlie untmh\ Tin* iipiiiilil 
should be braced borizoiitiilly by riiiiiiitin ii Inii i/mii jtl 
piec© the full lenfrtli of the wiiIl iiiiil liiiirlinr it to mmir -iiilwiitiifiiil 
support to keep the mull In limn For Wiill i-iirliur t jinipn nr 

braces reachity*^ froiii the utoiitnl to i^iisiliiiiio ure li-tiil fm- 
walls <»f moderate lieiirhl, ^tieli m retiiiiiiiiii wnlbi, 111114 iinlfH, itnd 
abutments. For huildiiif of ^^innr lieittht 11 •! iriiine 

arrang-ement or the cowiiiioii liriieeil by iiifniiiiifi iiml 

carpenters is used. 

Forms for fotitidntioiw, retitiiiiim iriilln, liinl i*r 4 sfiiiry 
are nsually braced to tlie eiirfli, llie liiiire» lififiif linlii In 

position by ixmts driveti info I lie trotiinl, Fhip fir liibeii In 

see that formi are properly lintreti, m I lie eit minr htmrmn 
bo relied on for lailiiinir tin* fftriiw tri iiliirnitioiif, nf nitrli 

forms are frequently Cfiiweif by fitti ijiiiiiii mrii% nf Hip tine in 

the yielding of eiirtli. Eiirtli m a fwiir iiinterml l» 4 e|i«nid iii^in 
for holding fornm rigid, Tlie lumU iimiiwt ivliirli tlie rmh nf Hin 
diagonal rest should be drlveii -liliiitiiii hImi hm lirii'ifii m 

nearly %nirticiil ii» pfw»llilt». Tin* ipiihI ll■^Jly k iti ilniM* tlimn xm » 
slant, but ei|M*rii*iiee li»« iliomii tliirt %-riiieiil hip Hip ^liiTer, 

especially when the gnntiid h fbe tti|i »*il k itliie in 

carry much of a load, lieiif*# flu* lirttee Iip tlriipfs in 

that it may obtain stilllciPiit itiieliiiriip*. 

^rare must be exerciseil fii firtH’efi! furttit fwini iliirlfif 

filling. In a wall section miiirli iifi*i lifitten, 11 

of reinforcing it#el, onilitilcltfl in flic ftmi* to tl# 

the foms, the tie beifif i«adf* witli %i n wltr In irpiirli inirlc, 
where there is siifficienf ileptli tlie nr ilfli* 11111%'pfiiPitt rif 

forms slionld be careil for by fti tlie mf ili*' ireiirli 
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Uso of Wire Ties and Spacers.^-All wire tics for wall forms 
shtmld ho iu plan* and mado taut so as to pull the sidos cdoso apiiast 
tlio spaoorH. Tho wiro sliouhl prol’orably pass twice tlirou^ah the 
forms, tlio tuids twisttal tu^mtlu*r, and any surplus cut off with nippers. 
Tho wire' is thou (i^ditt'noel I)y twisting the two strands toiijether 
inside td’ thc‘ forms, a stick h<dn<»: (unployed for that purpose, as 
sluHvn in Fi^^ 17. lieddre tlu' wire is drawn up, a wooden spacer 
tn* Hpreiidt'r of loni^fh eepial to the reefuii-ed width of the wall should 
lie placeal he^sido tin* wire*, where it shejulel he l(‘ft until the concrete 
n*iiclH*H that he*i*jht. All spae'ers should he removed from the forms 
as soon as tleei concreting rt'aches them. The uso of spreading strips 



imiittiie'lioil tu the' wire tte*s k prolmhly the Imst and che'ape'si method 
of liohliiig wall furiiw apart. Tlic* pre>je*cting e^ntls e»f all wire ties 
nH*d to liiilel t«»gtdhor tho Hide»H ed’ wall forms anel left (*tnhedde*d in 
the* oone'i'ido slieiuld \w cut olT dcH*p e*nough to keep rust spots from 
sliowing oil the face of the* wall. 

Hitiiill wiro mimt tad he nse*el for tying wall feirms where ilu*ro will 
ho iiitiedi prt'ssnn* of the wot concre*te; the wire will cut into the 
wood am! iilleiw the fonuH to Hproiiel. No. 8 wire will generally fiillill 
fill* ria|iiiroiiiotds of mewt weirk. Use hedts where there will be much 
si rain on llio forms. 

Wire forriiM are niindi more Hccuro than those which are merely 
Ijraceel. They posKosa, however, the following olijectionahle feature's: 

C I } The ends of the wires are e'lptmed when tlie feirras have been 
miiovotL 

(2| The wcaKleii splicers or struts are often left in the concrete. 
C’lirolo^^ or IfiKy workmen will frequently simply knock the*m out and 
leave tlimii oitiht«ldod in tlie wall, or bury tlicm as they stand. 

Ill) The wire gives a little as the concre*te is tampeel, causing 
tlio foriii to hiilgo. There In no priudiciil way of taking up this give. 

Belt Tits sad Spactrt. ■ Bolts are hotter than wdre feir wall feirms. 
Tliey ^Iniiild ho tiglilonod fomiiwt spacers set hc'tween thei two sides 
of the foriiw iii?4if|e. Wooden spacers can he removed as soon as the 
holts are tiglileited, while tlie give ean he taken up by iighti'uing the 
on lii« ladts. Bolts ulioidd preferably he enveloped inside the 
fornix with uleeves, or llioroitgldy greast'd; otherwise the holt will 
stick iitid ciin he drawn out only by wrcncdiing and injuring the 
concrete. 
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Care should be taken to construct forms in such a way that 
tie-rods will not come closer than 4 in. to a- projeeting corner or 
other detail, or the concrete may be spalled oft in pulling them. 
The author would suggest that bolts through forms should not be 
within 1 ft. of a finished concrete edge if possible to place them 
elsewhere. They are likely to break the concrete during their 
removal, especially if not absolutely straight. 

Projecting Ends of Wire Wall Ties, Etc. —All projecting wires, 
bolts, or other devices used for securing wall forms, and that pass 
through the concrete, should be cut of6 at least one (1) inch beneath 
the finished surface and the ends covered with mortar. Care should 
be taken to see that there is not a lot of wire ends left on the face 
of the concrete, to ultimately rust and discolor it. 

Removal of Tie-Rods. —^When it is desired to withdraw bolts or 
rods used to support thin wall forms, they may be thoroughly greased 
or wrapped with stiff paper before the concrete is placed. Use a 
tin tube or piece of pipe through which to pass the bolt, or wrap it 
loosely in oiled paper, so as to make its removal more certain. The 
pipe, if used, will act as a spacer for the forms as well as a sleeve 
for the bolt. The sleeves may consist of pasteboard tubes. It will 
usually be found that these are just as efficient and much easier to 
place and trim than wrought-iron pipe. 

The method of using oil or grease is objectionable where an 
impervious seal is required, as the oil placed on the bolts to permit 
of their removal prevents a water-tight bond between the mortar 
plug and the body of the wall. To avoid this difficulty a number of 
arrangements are in use where two short bolts are connected to wire 
loops in the body of the wall. The wire loops remain in the wall, so 
that the main portion is solid and impervious, while the shallow holes, 
left on each side when the bolts are removed, are filled with cement 
mortar to preserve its sightliness. 

Tie-Rods Left in the Concrete. —^When specified that tie-rods are 
to be left in the concrete wall, they may be provided with sleeve nuts 
near the end, which, when unscrewed, will leave the end of the rod 
within the wall not less than 2 in. from the face. The hole left by 
the nut should be carefully filled with 1:2 or 1:3 mortar after the 
forms are removed; or the holes may be filled with cement paste 
mixed with some waterproofing compound. 

Concrete Wall Spacers or Struts. —When the space between forma 
is so narrow that the removal of struts becomes a troublesome task, 
concrete struts may be substituted. These struts are made in 
advance of being used and allowed to set hard. If the wall is not 
too high, the spacers or struts need not be closer than 3 ft. in each 
direction. When interior partitions of buildings are made of mono¬ 
lithic concrete, this method of keeping the forms apart is preferred 
to any other. 

Concrete struts should be placed in the same manner as wooden 
and should be broken with a tamper when the concrete is placed to 
the proper level; or, if they have been cast with a water stop, they 
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luny ivauini in tiie wall. Care must he taken to prevent a void 
inuuediatidy under tlie ntrui m* a water eiuuuiel along* the side o£ 
the strut. Conerete struts generally present a bad appearance in 
the linished wall it allowtal to i’enmin. Where the appearance of 
the exterit»r surtace on the wall is oi‘ no great importance, concrete 
Hpacin’s may he used, composed ol* the same (piality of concrete as 
tiie rest t»f tiie wall. 

A goml fm-in of spreader consists oT a concrete block about 3x3 in. 
by tliickuesH of the wall, with a longitudinal liole larger than 

the ladt to lie used. When the fonns are removisl the holes are 
tilhni on each siile with emiient mortar. The concrete strut may also 
be uhchI as ordinary spreading strips, without having holes through 
them. 

Tapered Wooden Spacers.—Tapered wooden spacers, bored to 
reetdve the liolt, may he used instiuid of concrete spacei*s, hut should 
he well oilef! and lie driven out as soon as the forms arc* removed. 

Alignment of Wall Forms.-^^^ l hie alignment of edge^s, corners and 
sides c»f wiilk slioidd he eand’idly pn‘serv(Hl by freciuent tying and 
hnieing of llic^ forms and by the use* of licaivy slringcu's or rangers. 
I\et*p eartd’ul cdii'ck on the alignmcmt cd’ movable pant*! forms ustal in 
wall eoiiHfrnetion; they recjuire specitd skill and eare to keep in 
line. I hi md put any coniid<‘nc*e in tiu* ahility of the* average car¬ 
penter to carry walls vertically with a level. The building of plumb 
verficiil muillH eaii only he ohtaimal whcai eveuyhody on the work looks 
out for lliiuii. The ftutlior has seen Home veuy excelk^nt concrcdc* work 
dtme in dilTeront parts of flu* country where* many of the concrete 
walls wi»re iw miU'lt as ’J or 3 in. out of plumb. (Sea* page* 211.) 

Foundation Wallso--Fo rruH siiouhl he <*oiistru<ded for foundation 
Willis ill caso the eiirth will not simid plumb in the* excavation. 
F.xcept ill i^and am! gni\ek no siile pieces are respiireal for footings, 
fin III! Ilf her noiN will stand vertlwlly for a de‘pth of 8 to 12 in.; 
luuiee, all flint In iirci*Hsary is lei dig tlie tr(*nch tlm exact width and 
depth nafiiireil for tlie footinpi. 

Sloptd Wing Walls.—Where wing walls are called for which have 
alopes correi*poiiilliiir to the angle eif ri'pewe tif earth embankraents, 
tliiw 4o|teii ^litiiild !»«* IliiiMlied in straight line's and surface's, the 
form for siich wing %viil!ti am! slope's being constructed with its 
top Ilf the proper ulope, so tliat the concn*te on the slope may be 
lliiif^hed ill slioil secliiiiis, say, from 3 to 4 ft. injength, and bonded 
Inf Cl file coiicrete of the horixonta! sections before the same has 
liefotiie rfirli sliort seedion of sloped surface* being grooved with 
s criw«-itiie sepiirfitiiig if from the adjacent Hections. The camtractor 
slioitlil md lie piumiiftcil to finish the tt>p surface of Kueh slope'd walls 
by plir^frriiig fre^li cuiicnde upon tlie teip emnerete which has alreaely 
wd. but I lit* tliiiMlieil work should be made t»ach day as the hori- 
y,oiiliil liiverii are carried up. to iieeompliHli wliieh the form^sliould 
be eoie-tl I iirleil ctitiipbde lit the euitHet; or, if the wiug wall is very 
liiiili, sectioiis Ilf the form, including the form for the slopes, 

ilniiild lie eiiiiipleted m. tlio Iioriy.ontal planking is put in place. 
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Substaiiiial nMilers are iu‘t>i*SHnr\ in lii«’ rit!i‘4nii-fn.ii m!’ .•..lii-irt 
arclu's, as ii is <{('sirabl<' In 1^*** ^4 1 ii<’t hi «• iiiihiMii imi |» .-..s 

bilily of lha hiuv^'in.a siakiutr Kin-in- flu 

put in place or'borore il has si*t, Tli«* n-iifur. lauO iriiuim ju lir.iif 
as possible invariable^ in b‘\el iiitil fuiiii lr**iii fb*’ iiiiir ji i. iii.hI 
ready for the C(>n(*r(‘l(* uiilil it i*** |r«‘iii liudn !ir;iih ily mi.j 

and/when the tiint^ Cor renunul emiii-i, fhi* rtw- 4 turtum mn 4 h 
siudi that the operation can be pfrlMiiurti wifli and wtibifu 

shoede or jar to the masonry. The |iri*l»li'ifi «4^rriifrr riiii-d§'.irf imh i 
thus two~Vold; one of buildinir n striiiiiin* ttliirli in iiiiiimniliir iiiit, 
movement is desired, and then iimveu at will. 

The eetiterini^ emph^ved ftu* ii eeiirrete itrrli i'x jdintbir |ti lluit 
for a masonry areh, except that in tli«' buiinf i be'' i ,• !t.?e i b 
made smooth so as to l»ivt* the m.'ie! te Oe rnu.'irlr 4!|,! 

eonstruc'ted that tiie eonertde will u**! fi» p in irbsn w.iup 

forms for eonerete arcdi lndflre‘4 ri“.riiili|u m i? nm pm i-i 
nsed in the eonstriudion < 4 * stone ). lo/u tin t fli mr, 

rim^ bo supportetl, but provi''»i«»ii ifun.l b«^ iianli !** oPn n O Ut-rr! 

for the spntidrel const rue! itnn The I, AtUi imi 

eenterif% may bc‘ Iniilf in ptiiei* at -..oi.'it Vv'r *nr jn,-< ur. 
eoneretinjr is put ifi place. Tlie ^ertiral Hiippufiin il 

lai^xing may be tied tcL^’ether at tlie t«i|i In i‘o» . j.4,, 

Classes of Centarinf. Arelt eefilorifii ifi retire hJ fi,.- 1 ,*, 
into two (dasses. In the flr^t eheu.*, <110!* «»s -ifip.ii tin 

tindiers or ribs earryinir file biirvifttr iit mrsi' y n-f JLi-i Puif 
or posts are liraced fcajtdlier to I'hiio » bmp'* ^linrL lin 

spaced at eonvemient tlistiineiM lipiiil jtloiip llo* iLi ,is,n m, 

braced lon^dtiuUniilly. In oflier X ! •! fin nf« ' rfii 

be arranged in any way tlijil jiiil'.iiiiail im 4 ri-onn.*,*, o«, 

In tlie second form, itir eiispbnnp ‘fi.rm ffti') umi 

cacry the lairiritf^ directly, in wljirh ini'^r fin i imi*? r.np.ui*. p, ih\ 
curvt‘ of the intrados tif ltit» liieli, i»r th % u^i% "mpirtiP in ^rr 

whi(di in turn support tlie riln. Tltexe im hr In f 

or masonry supports iit flte Huhi, i*rmrr, pf ii m rbr * lu 
called eocktd centers. There h im di'diiwPiir !srfarm4 tin 

two classes, 

Tlie type of centera to lie iiw»i| in im% « l| .id 

upon local condithms. Where the ir*4tii-PMn id iLr ’-e- ■ 1 

little or no im)|MirtiiricfL lienlH pioitiibH fhr 

and satisfactory. In oilier iiber* 4 m drm*-Llr »,♦ ..b'Pi-gr 

the openin^^ as little ii« po%*ijy*n Fuin ttf nr* !r/4i.e n.r.iL 

probably be best acliiptcil. 

Rij^dity of A.rch Contors,* Ifi itpiATfini'i' nnu*! 

canters for concrete «li«!ilt| U* m dJ tb,p tp*, hL| 

not b© stressed In flm tif* '.bv. 1 

perfect set. All center niiwt lie nirfinf* will -*i muhi 4 

possible, as any deforfnatliiri of flic mder nhir to t ntr 

or improper bracins* wnll irttt^e 3 **■ In t 1 *« i-* !i:«! li-t' 
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of tin* iirrii, ant! (MHiM'qiinntly in the lino of resislanoe, aiul may 
iindatiinn* llio wimlt* -<! 

Cambering Arch Centers. Siisrt* iinilan* is no! absolutely rigid, 
Inti is apt tu -‘tdlie. tilt* list^ nf tht‘ emrtiaing should be made slightly 
greatfi* flinu tin* rist* <ii*siunt*d for tin* ar<ii, so that after* detloetion 
tin* arofj may be of tlu^ dosir'tal eufvatiira*. In oilier words, the 
orowns of list* <»enter*s slmuld 1 h» r’aised above* the int(*nde<l hc‘ight of 
tin* 1110 *^ 10 “!! a rail to alh»w for* sett ling when the e(‘nters are being 
!ondi*d ami uhen sfrarek. In iiiipoi’taut etmstrueiion, where long“Spaii 
trus’^es ai«* iHi‘d to eirrry the rent(* 1111 * 4 ’, it is sonu'times ne('t‘SKai’y to 
d<*lt*nidiie file amount of pnibahh* (h‘lhmtion in tlu^ truss. This may 
Ih‘ done IfV lire usual fonnuln for (U‘{l(‘etion, whi(*li may be 

(thlaiiietl flout any work on na'cdianrcH. For most pirrpos(‘H where 
li’UsHfd eeiiteiim,^ is used a slight (*amb(‘r may Ire assumed e(iual in 
aisiouiti fnaii 1 iniHI to I bOft of the span. Mr. Kdwiu i'haeher 
pio\idr% for un additioriii! iis(* in the* e(*ntering of 1 SOO of the span, 
uliile «e|ii‘}s from I 12 (H) to 1 drOO of the I'adius at the 

t*roun. Still of hers innko an allowance* for settb'ment c*<iual to *54 
for noil dtl ft, \i*rfic’al li(*ig!d. 

Arch Elba or Center Friimi 8 .-”-Tht* ribs upon wlii(*h the lagging 
rchis diierfl\ nil* usitally madi* of planks spik(*d tog(*ther so as to 
bleak jidiiN, mid eiit to eur\t* parallci to (In' irrtmdos of tire arch, 
but II Hitflirieiil disfaiiia* below it so that the* lagging, when appli(‘d, 
shall eotiiiide with flit* iitfradiw of the arch. Sorm^fimeH tlu‘ ribs are 
steel Hliitpes bent to the desiri*d etn'vnfitri*. Twodrudr plank Hiy.(‘d to 
!'4 in. is irstiall) eiiip!(*\ed for* lagging. Suppor’iing ribs should not 
be Hpiiis-d inor«* fliaii II to 4 ft. e(*ritm‘H wlH*n sueh plarrk is used. 
Wlitli* it is fiiHiiifiiaiy f(»r lliest* ribs to be eoV(*r’ed with narr’ow planks 
(bieidiief iniitiiim piinifle! uitli tin* axis of (la* ai’eh, Honui.imes 
fIittrs\orso liiiilieis spiierd 1 ft. of Jiioi'e apart are plae<*d on top of 
the libs mid li tight loiigil udtiud floor of tongnc*-and-gr*oov(*d flooring 
Used to foiiii the Iiieidlii*:. 

For spalls lip lo 41) ft. a liriieed wcMiden rib with ont^ center sup- 
purl itiiil fwii eiiil ! 4 iipp(trts m gcner'idly us(*d, but ftu’ longer spans a 
eeiiler uith support ID to IH ft. apart Lh mnployed. 

Bolting Ointori*''^ In coimtiueting centm’H for arelres of more than 
IID ft. spitii, fill leiiatiee f^lioiiht be plaeed upon spiking, but all main 
iiit’iidierN siioiilil lie litilfed together lit Joints, In oth(*r wonls, no 
ilepeiidriire sliiuild be fihiced ill iiiiilM. except for fastening the lagging, 
for serinifig till* w"e«ii»es, find for minor detiulH. 

Liiiillg, Tiie litgtdiig i 4 liiiiild Iff* siy.ed, dressed oir tin* upper side, 
iiiid liiid ttitli joints pariillel to tlie ar*eli axis. That is to say, 

lie of even tliiekncMs and made smooth tc» give a good 
Miirfiiri’ til flit* Hollli of the iiicin Two-imdi fdauk Hi/.c‘d to 1*^1 in. is 
iHiiiilly I iiipl«*ysil fur Iiivving, the iiii|tporling r*ilw being from 3 to 4-ft. 
eeiifeis. The Ijigittiig for tlie milei* may be in two IliicdineHseH, but 
the I tip lii\or findVriibly !»«» tongue-ande^rooved lumber, and 

flit* loiiM* la>er slii.iibl be dressed to mutch the top surfaee when in 
jiliiice, Fii-ifiriiig sfioiilil iiine a fleDeetioii under flu* full load of tlie 
iircii of nil! iiitirr tiiaii |>i in. With thin lagging cure must be taken 
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to prevetit deflootioii. Tho lajxirini: in ouvorrd witli Inuiilinij 

paper of a Htroojjr aiul (iiinihle <*haraett*r. In IIhm tH>iiiirr!icai, hoo 
pa^^xvs 204 arid 22CL 

Striking Arch Centers.—Suitable jiieanH iiitiHt ho providotl for 
Htrikinj 4 : or lowerinj,^ the center witiiont injiiriiiif I ho Miirfiief itf tho 
eonerete and without straining tlie areli. In onior flint the eonti^r 
may be stnudc, or lowered, uniformly iiml wiflioiit ?4lii>rk. wrdijeH or 
sand boxes are uscnl undtu' all of the supports. In tuliri* iiuniH, tho 
eimtars may be i>rovided with strikimr wod’^t'H or wiiul ln»\e*4 mi ilmt 
the lowering of the center may be elTiaded *lfiekMi*rewj< ji|,ho 

may answer the same purpose iw wedi:es or i^iuid btixe^, I Vnlers in 
all castes must he dropped aw’ay frcnn the iirrli rinitlil\. 

Wedges.— The wedges usually eoimist tif ii pnir of fohiiiig wedges 
(1 to 2 ft. long and tl in. wide), preferably of liitrilmooil, iiaviiig n 
slight taper. It is neec*ssary to reimne the eeiitei^ juiiiini- 

larly for large arebes; and benee llii» striking ,?4lsi.iilii luno ^ 

v(‘ry slight taper of from I to fi to I to Hk The tiiprr \firy 

with the span of the nreli, I lie longer the spun, llit» Iphh flu* fnper. 
To lower the cmitcu's ecfually the w«*dges wluniiil ln' tliiieti hark iiiti« 
formly (see page 2o4). To facilitate riiiiipHiiiid iirii 

Hometimes uhchL By driving lint weilges nil ivurl rrrifiiig ms the wnlge 
will he lowered uniformly. 

All wedges sliould he so constrweteil tliiit file f 4 iirfiirefi of 

any twm wedges will he piirallel. iiiid I lie |»re»i:»iii«* mi the Miiine »liimli| 
not exeeed 300 lbs. per scjiiare inch. Tlie griiiii of '<#1111111,1 iim 

with the slope, and their eontiiet fiires stmiilil he phiiM^I 
smooth for their entire width iifid leiiglli, iitiil if rriiiiiml iliry 
be lubrieated to faeilitate ttie sfrilciiig of the rniter'i ttillaiitt iinnwe^^ 
sary jar ami vibration. The wedges sliiitild ho of gniiii 

oak only. (Bm also piigt^ 22lk) 

Band Boxes.—Band Imxes iisiiiilly rnii«i»i of a *ifrri mliiider iii 
whieli sand Is eonlinrd, A woii<leii pliinifer on tlie mid 

on these wooden plungers Is citrried llie ceiiferifii? of tlie iirrli. Kear 
the bottom of tlie cylimler is 11 pliiit. wiiirli imiy lti» w'iiliilriHisi iiiid 
replaced at pleimiire, by tiieiiiw of wliirli flip mtllUw nf |lis» imiiil w 
regulated. In other words, the miisiI tiiiiv he rpiidily tpiiimiol hv let 
ting it out tlirongb a hole in flie rylifnier nr m flii^ rii^e iiJiii* luv 
As the sand is alkm^ed t<i tlie rriitrw will Ittii-rr iiiid I he 

amount of tlik lowering eiiii be eii^ily eoiilrtiilrtl liy llie iiiiiniiiii nf 
sand allowed to iwcftpe. 

If the contractor wislies to mm niiinl In litwer the reiilew, 

he should be rftc|uired to stiliiiilt lietnik of Miiiiiit fur flip Bpprmitl of 
the engineer in cliiirge of flte work. 

In using snrid boxes pnrtleiiljtr riiie hr rirfmrd, to 

secure a proper itaitd iiinl, w’liini, to evrlfiile ii!l fiiiriji iiintprial 
from the Ihixiwi, wliieli mii-t iilwi In* |ir»p*ilv 'ir'iih**! Im pfmpnt the 
entrance of f<ireign miittcr. fkire Hlniiilil hr ittirw Ih **pr*iir « 
cpiality of sand to be nmnl in thr Ihixm T!tp mt'.d '.-it* dd hr 
thoroughly wiwlied, to reiiicn'e itll and fhiineirijt. lined fipfufc 
using. In other worik, the .^ninl iiiiwt lie Amn muI id' piopri iin^iftiv 
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A imn' (luality t>r saiul t\u* use in sand boxes 1ms caused trouble on 
several octaisitjus, 

Particadar care niusi therefore be employed when sand boxes are 
used* ft>r if any foreiun substance is allowed to enter them, or they 
are not pniperly seahaU trouble may be experienced, either in their 
Bcttlin^^ too soon or failure to settle at the proper time. Pare must 
be takiui to kta^p the sand dry during tlu‘ entire construction of 
tile arch and so that it will run wlaui the boxes are tapped. Sand 
boxes should hi' waterproof. The sand in tfu'se boxes must be 
th!»rouirhly packed to prevent settlement of the concrete before 
aettinir. 

WhfU’e any <d‘ the above precautions are lacking-, trouble is likely 
to Ih‘ experimieed either through the sand flowing prematurely or 
its failure to flow at the* proper time. 

Foundations. Hulmtantial foundations must be provided for the 
centtux m tliat tlie supports for the form will be as unyudding as 
possihlt*. If the* subsoil is sufllciently firm, mud sills may be put 
down, and the hmits or struts rested elirectly on them, but in poorer 
Hoi! temporary muHoury or pile foundations should be provided. 
Piles sliouhi be driven to a firm bearing, so that no settlement will 
oe'cur wIhui tin* weiglit of tlie structure is brought upon them. The 
ftmmhilion shcndil preferably be* of concrete and of such size as will 
fifd permit td’ a settlement greater than 3/lB-in. under the maximum 
loiuls tliey art* designed to earry. 

Workmanibip,-.-All earpemiry work should be the best edass of 

hea\y tindier work. <*nre should la* taken to H(‘e that all saw cuts are 
true find Hiirfaces nf abutting timbers he adzc*d ofT to make a snug fit. 

Adhesion of Concrete to Lagging.--Part* should be taken to pre» 
vt*nt the euncrete from sticking to the lagging. Tin* adhesion of the 
concrete to the lagging would mat* the sttiooihn(‘HH of the finish and 
might ciiusi* diflicuify in striking the eenters. This last item is of 
iiiori' serious consi’ifiience than a possible roughm'ss in the cases 
where the briflge is to lie given a pebhle-dash (H(*e page* 414) or other 
rough fitiisli. To prevent the concrete from adhering and to obtain a 
Hitioctlli surface, the lugging should he dressed smooth and any of the 
nitdliotls dewu'ilied in Art. IH, page 2df), employeil—L e., wetting the 
lagging or soaping or oiling Htime, Tlie lagging may bt* covered with 
cloth or paper. Houndimes a layer of clay is used in the place of 
the above mtuilioiiiul snbstanet*H. Where centering is to remain in 
plfiee for a long period, however, it is found that there is very little 
likelihood Unit the conerete will adhere to the lagging. 

Sbittimilif Joteti.'-'-Just Indore the centering is loaded it should 
he inspected, iiinl all joints which have been opened up should lie 
sidiiiiiicd tiglil, using sidngles or thin wedges. During the construe^ 
tioii of the fircli similar wetlglng should be done, as the settlement of 
the fitDettork iriay o|a*tt joints. 

rorms for StcMoas of Arch Etog.—Huitable forms should be 
enlist rtifd«*d ft» hold in pliice seetioiw of arch rings being concrei(‘d. 
If the roiieridiiiir is iloiie in longitudinal sections, the forms should 
Im \tfrtictil iiiiti ptiriillel with the face of the arch. If the con- 
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cretin^ is done in tranHvers(‘ send ions, the lorinH Khouhl be set in 
radial planes and strai.i»:ht aeross the arch at anodes to tin* face. 

For eonereting of arehes, see page lUb. 

Groined Arch Centers.— Tin* preparation of forms or eent<*rH for 
groined arches is one of the most dilheult <ietails of tlie eunHtriielion 
of siicdi a roof. Faudi section of tht‘ form should cover tlie space, 
scpiare in plan, between four piers. Tlie forms should be desii^ned 
to take the thrust of the adjactmt completed nrclies, ami if Hiilllcient 
forms are not built to eover tlie eiitiiH' reservoir, and tluw transmit 
the thrust to tlie walls, the piers at the lairder of the forms must he 
thoroughly braced to the opposite side walls, or the piers will be 
toppled over and the roof wreneluul. 

The ribs of the centering should be built (»f planks nailed loirelher 
and sawed to proper form. The lagging sliouhl be pliuieil to «i/.e and 
have radial joints to make a smooth am! vvmi lop Hurfiice. (‘are 
must be taken to make a nc^at fit alcing tlie valley e?cteiidiiig diag¬ 
onally between piers, and a small fillet sltcndd be fillcfl into ilm 
valley to avoid a shiirp corncu* on the flnishetl ctmcrett% m well m 
cover up possible impcu'fections in tfie joints (see page 2111). 

MISCBLLAFEOUS FOEMS 

Beam and Girder Bridge Forms.~In the cams! met ion of reinforTOd 
concrete bridges of the beam and girder tyfie, forms pimilm* to tium# 
used for floors (see page 21H) aiv used, and iiee«l no fiirliier cun* 
sideration in this, except to that the face of the forms ^’or the 
fiofllt an<l aide walls of the spandrels must he wnwitli niid true In 
order that the flnishetl concrete work may present a gnod iippfiiirttiice. 
All form work must l)e securtdy braced ugiiiiwt fiiiliire from the 
pressure of tlie eoncrett'. The priiicipu! rei|uiremcnl. Iiowmer, b 
that tlie centering be so arranged that it may be reiidily dropped 
awav when the concrete has set sutllciently to mistnin its own weight. 

Forms for Dams.— On up-stream fiicfi of daitti fortiw iieeil he tuily 
smooth enough to give good subatantial work, free from vciidn. On 
crest and down-stream face, forms shmihl have platted ^iirfiiee^, io 
as to leave the finislied w'ork smooth. 

Pipe and Conduit Foots.— f'ollapsible centers wliteli eotwiiti of n 
steel or timber shell supported by interior hrticliig and «ti enn- 
structed tliat the shell C4m lie readily removed mid placcil in a new 
position are extensively used for pl|)#i and cotiiliiit^, Htviral form* 
are builtj of which the following are extmplim: 

Half-round steel centers on circular condiiiti. 

Full-round steid centem for monolithie coiwtruction. 

Box centers for concrete culvert conitriicfioti. 

Shaft lining and tunnel centering. 

Centers for cut and cover conduit coriitriiction. 

Forms must be well fastened down in order to prevent flu* forms 
from floating, due to the upward pressure of the wet miicrete. In 
order to prevent the rolling of conduit forms, can* miwi «f«fi he 
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taken in lilling' to kc‘(‘p a uiiiroi*m li‘vel on l)oili sidt's oi' tlio !)aiTeL 
Thick (.ueiierally to 2-iu. plank) should be used. 

Conduit t\)rms should be made collapsible as I’ar as practicable. 

Anchoring Batter Forms.—Konns tor I’ctaiuinj^* walls should be 
firmly anchored down to resist the. upward thrust or lloatinfj; elTect 
of thi‘ semi-li({ui(l concrete. Luiiiid or seini-lhjuid concrete will pro¬ 
duce an upward pressure when pouring under horizontal or incdine 
forms. An example oT this is in a tlaring column footing, besides 
retaining avails with a batter as just mentioned. Such inclined 
forms must b(» fastened to prevent their lifting. 

Metal Facing Form*~A facing form is a steel plate which is 
placed on tnlga at the piopor distance buck from the lagging and the 
space betweeti filled with facing mortar. The form is linally lifted 
np and the backing an<l facing thoroughly bonded by tamping them 
togetlu'r as described in Art. 41, page 38(5. A facing form is used 
whem a mortar finish is required of greater thickness than can be 
obtained by spailing the coarser aggregate back from the surface of 
the forms. 

Sidewalk Forma.— Forms should be free from warp and of sufli- 
ciimt strength to resist springing out of sliape. Burface linnber has 
advantage, !>ut its use is not necessary. All mortar and dirt should 
be removed from ftu’ms that Imve been previously uhchI (see Art. 18). 
Forms siiould be placed in the manner necessary to outline both exter¬ 
nal edges of the walk accurate, the top of the frames being located 
to coincide with tlie eHtablished grade of the walk. Th(‘ forms must 
be wudl staked to the eHtablished lines and grades, the stakes aller- 
niiting on either side about every 2 ft. At each slab division, crosB- 
fiirms slmuld be put in the full width of the walk ami at right angles 
to the side forms. Thin strips of mc‘ial will he found eonvenient in 
forming curved lines. For a further tliseussion of sidewalk forms, 
see Art. 51, page 472. 

Ornamental Molds.—Molds for couerete newels, tlnials, rails, 
biilusters, spinels, balls, cups and bases for piers, etc., should be go 
constructcfl that tliey can be removed piece by piece without injuring 
the casting. Their strength and rigidity ttuist he ample to with¬ 
stand tamping and other strains without distortion. For a further 
discusskm of ornamental rnohls, see Art. 54, page 507. 

Art. 18.— Cleaning and Lubrication of Forms and Centering 

OMAKmO OF POEMS 

The cleiiidng of tornm of the usual dirt and d74)nH inevitably 
coliecte<l about W’ork in progress l>«fore pouring eom'r(‘l(* is an impor¬ 
tant itefu and should be well looked after by tlie inspeettn*. It eatmoL 
be I cm intich insisted upon, but should be enforccHl at all c*(>hI, ho that 
no shavings or enclH of boards find their way hito tlie concrete. This 
procedure appears like a useless refinement to most untraincHl foremen 
iind Itihorers, Imt it eoustantly makers the difference h(‘twc*en good 
%vork iind that wliicli i» bad or even dangerous. It is no less impor¬ 
tant than proper concrete. Sawdust, shavinp and small wooden 
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blocks in a loosely connected mass do not make a fit substitute for 
first-class concrete. 

Cleaning Forms in General. —Forms should be thoroughly cleaned 
of all sawdust; shavingS; chips, blocks of wood, dirt, ice, and other 
foreign matter before placing concrete, and, wherever necessary, 
forms should be cleaned out by a steam jet or other eifeetive means, 
especially in freezing weather. All forms must be absolutely clean 
and free from shavings or foreign matter before any concrete is 
placed. Especial care must be taken to prevent sawdust from lodcring 
in the beam and column boxes, as it is a very hard material to get 
rid of. A section which is to be concreted should be cleaned up only 
a few minutes ahead of the time when the concreting is to com¬ 
mence, in order to avoid the possibility of dirt, shavings, etc., col¬ 
lecting there a second time. This precaution is particularly important 
with forms for columns, girders, beams, and floors. In other words, 
the cleaning must be done just previous to placing the concrete. 
Care must be taken that no dirt falls into fresh concrete while 
cleaning forms — a point that is often overlooked by workmen. 
Cleaning of forms should be done by the concrete gang and not by 
carpenters. 

Compressed air or steam should be used at all times when possible 
for cleaning dirt and sawdust out of forms, steam being preferable, 
as it blows out the dirt and wets tlie forms at the same time. 
Compressed air, however, has been used to clean shavings and saw¬ 
dust out of forms with great success. In winter a jet of stcnim is 
useful in thawing snow and ice in heating the forms so as to pre¬ 
vent chilling the fresh concrete (see page 350). This last point is 
especially true with regard to the reinforcement. 

All dry mortar left on the forms during the previous day^s work 
should be removed before beginning to deposit concrete, as otherwise 
an imperfect face will be obtained. (See page 383.) 

Cleaning Column Forms. —The inspector should see that column 
forms are cleaned with scrupulous care. The bottoms of column 
forms are particularly likely to get the sweepings from girder boxes 
and other debris, and they are particularly hard to clean unless 
special provision is made for cleaning by having a door at the foot 
of each column (see page 216). Sawdust and other foreign material 
can be removed from the steel and the column sides with a hose. 
Care must be taken to see that the bottoms of column forms are 
thoroughly clean before pouring concrete. It is not sufficient, how¬ 
ever, to inspect and clean out the foot of the column box just before 
pouring concrete, but the inspector should look through it while 
open and lighted below, and assure himself that no piece of wood 
or tile has fallen in and wedged somewhere. In other words, before 
closing the door at the foot of the column box, look through the box 
and see that no chips, shavings, blocks of wood or refuse of any kind 
have fallen into the box and become lodged in the reinforced steel. 

Too much care cannot be given to the proper cleaning of column 
forms, as it is of far-reaching importance, and failure to properly 
look after this cleaning damages the work in a way which is hard 
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to rtH'lify. A (‘oiujKiratively stiuill aniouut of debris breakmj»: the 
continuity of tlie concrete in a column may largely redini^e its carrying 
capacity. 

OkaniBg Forms after EemovaL— After removing the forms they 
should be brushed thoroughly with a stitT brush to remove all loose 
material. Steam may be used for cleaning old forms. It should be 
dir<*cted against the forms mitil the concrete adhering to tlunn 
solt’ens, when it may be scraped otT reatlily. All concrete adlun-ing 
to forms should be tiioroughly cleaned otT before they are used again. 
In fact, the general (‘leaning of forms is (‘ssential if a smooth, firm 
face is desired. (*oncrete which sticks to forms can bo removed most 
easily imtmaliately after they are taken down. If a section of forms 
luis Inmi badly oibal, so that the concrete sticks once, a rough surface 
is left on the lumber and it is diOltndl to prevent sticking when the 
iorms are used again. (8e(' also pages 32H and XU).) 

A short-liandh'd hoe is conveni(mt for cleaning olT bits of concrete 
clitiging to old form% but it must be used with care, so as not to 
gougt^ tlm wotuL 

WETTING, OILING AND SOAPING OF FOKMS 

Adh«ion of Concrete to Forms.—Sometimes concrtde lias a tend- 
oticy to stick to the forms. Wlum these are removed, therefore, 
Horne of the surface of the concrete* cemic’S otT, and tlie lundrer has to 
be* Hcrnped lietbre it can be UHc‘d again. Where* this adhc*r(*nce tak(‘B 
place*, tint wtrrk hiw a rtmgh, imple'aning appearance anel lias to be 
patcheel up with a trowel, or maele goeal, as iliis operatiem is called 
(Ht*e Art, dtl), in other words, conc.reit* will aelhere very strongly 
ter ferrms if no spiwiul provisum be taken to prevent it, and a gre^at 
deal of ferret’ m gent*rally nt*(»eHSiiry to separate* the ferrms from the 
cemerete. There are Hevf*ral ways of presenting the concrete from 
sticking to tlie forms. If the lumber is plancul the concrete is mueli 
less likely ter ^tick. If the* forniH are coated with seune substamm to 
close woerel, till* finish of the concrete is improved and 

the lumber is left in better sliape to use again, as less concrete 
sticks to it. 

Coating of Formi.'--If wid concrete is poured against dry ftrrms, 
large itreim of Hurface will be pulled off with the forms, so that some 
Clouting is neceHsary. In trtlier words, all ferrms for concrete reipiirci 
II coating nf s«ime lubricant to prevent the concrete from adhering 
to the wood which which it cermes in contact. lncid(*ntall.y, tliis 
coating tends to give a snurother surface to tlie concrete and to 
prcHcrve tin* wood against damage hy its alternate wetliiig and 
drying, routing the forms alwr serves to prevent the marking of 
the griitn i»f the wooden forms on tlie finished concrete work. The 
great value of lubricathm is, however, that it reduces the etmi of 
removinir foriiw. For very particular work, or where forms are 
to be used mortf than once, it in advisable to coat them, previous to 
erwtion, with n good coating material. 

To prevent iidhcHimi of concrete to the forms, a coat of crude 
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oil, soft soap, mixed lard and keroseiK*, vaseline, }da<‘k japsin, wat 
and otlior ^u'l'^^asy materials lias hmai ustsi. tin* praelieal 

beiiij>‘ vvliitewasli, soap, oil, and wiiUn*. 1 however, it if tirsiie*! 
plaster the surface of the eoncrete, the forms >h»»iihi he ihoroied 
wet before plaeinix the concrete, instead of heinu ‘zren>ed oi oih 
as oil prevents the adhesion of the phisttn*. It is iiol imiismd 
soap wooden forms, and in some cus(*s tidlow and liaemi f»l hn 
been employed. The latter is especdally reeomnteiidod fur ci»iifi 
metal forms, as it seems to ^ive the best resullH with forms of ft 
material. For additional coating-s, see page oltl. 

In some instances wooden forms have Inaui covered on the i?wi 
with paper, and even canvas has been used, altfitmgii it is iiHiiiil 
found that paper adheres to the* concrete work mid is ilrtiielief! tm 
with (lilliculty (see pages 21)4, 22h and 2111). 

When the forms are to stand in place for several weeks, t 
cohesion of the cotiertde will be in’tuiter than its iiillicHifiii to t 
wood, and no oil, grease or staiti will he nec‘o.H>iiry, if w 

be well to thoroughly wet the wchkI before the coiierete in laid, 
other words, if the forms are not to la* reiiaoed iiiilil fiie iHuieir 
has beeome hard, the eonerete will not as a geiierfil rule inlfie 
seriously if the foims are simply wet tlioroiiglily \ulli witter jii 
before the concrete comes against them. 

Wetting of Forms.— All forms, if not emit eel willi Home oil < 
soap, should be thorougldy wetted liefore tln^ etJiiriide or iiinrt 
facing is poured. A sfirinkling of the inside with it In we k ii 
Bullicient. The hose should be applied to hoili fiidoM tlim'iiiiiihly mil 
the boards take up no more moist tire. When dry i4pot*< appcur* w 
them. That is to say, keep the form work tiioi«t tiy ^miyhm i 
all times exci'pt in cold weather. This U enpecliilly iieeewiiry in hi 
dry weather (see Art. 32). In order wortln. fliti fciriuH Hiinipd | 
thoroughly drenched with water before de|wiiiiliitg ciiiicrete, liiid 
very warm, sunny weather, should Ims kept c<iii.^tiiiitiy wet to pr 
vent excessive shrinking and warping, by iiiiikiiii? the furiiH nw$ 
and thus close the joints and prevent bmlciitg. A mil her iiiifaitliii 
reason for welting the forms is to prevent fiieiii atrAirlilng wiifi 
from the eoncrete which it riK|tiire« for wttiiig iiinl liiirdriiitiii, 
the wood is thoroughly wet with wiiter heforr the rciiirtelo liii 
there is not much danger of concrite aillictitig. Iii fiwriiig rn'cnilr 
steam should be used in place of water to droiich ti«i forifin, jii 
before placing the concrete. 

The great objection to water h lliitf it h not always |aiH‘4ililp ' 
thoroughly wet the forms, and miuiy times il m iibfuiliitcly 
Bible to keep them wet without adding too raiiclt ivittcr t*t llw tmtwrv 
already poured. For instance, wiiter w iipt to dry mil ihiriiii* tl 
filling of a high form, and more water ciitimil lie inlilrd iviiticii 
thinning the conende already poured iitid ptisf^llily it. 

^In high buildini^, where the wiitcr pressure In imii fiiifflripiit ' 
bring the water to the upper stories, It is iircimfiiiry !« 
pump for the purposes Fsually ii stciiiii p«tii|i k criiployMl, drift 
by steam from the hoisting ingiiin Ixiiler. 
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Oil for Forms. It is not lu'ct^ssary to oil forms, although some 
(amtnu'tors pn^Vi* to roai tlm wood with a li^*lit oil to prt'vtaii any 

(•onoreto adhorini^ to tlu' forms. On work where it is intended to 

remove tlie forms as soon as possilde in order to linish tlu‘ faee of 

the eonerete, tlie fionus may be .u'iven a eoat tjf mineral oil (not animal 

oil, as the fatty aeids it eontains attac'k the eonerete). 

(’rud(‘ oil or ptdrolinc' makes one (d‘ the l)est eoatin^’s, ])ut any 
gn*ase that will spreatl evenly and till tlu^ por(‘S of the wood will 
iinsw(‘r ecpially wcdl. Dtail oil, or ernde petroleum is probably as 
eetmomieal as any tdl that ean la' uscal. I/mstaal, black or cylinder 
oil is suitable, but ktu’osene is not sjrood. A njixture of kerosene and 
vaselitie, henvever, has Ihhui tised and has laam found particularly 
advantaii’eouH on exposed Hurfaces. The keroseut* a.cts as a thinner, 
aiul soaks into tlu' womlen forms. leavlnir a thin coat of vaseline, 
which reinlily disappears on exposnre* to sun and \V(*nther, after the 
removal c»f the forms. Hottu* driilini*: and lubricating compounds 
have also heem iised. Tht*y an^ g'reasy and do not dry (luickly, and 
in this resptud ar(‘ Indter than soap. Hoi paratline is sonudimes 
used. A lii:ht-ci»lored axle irreasc* in one instauice prc'venled altad 
finauH stickitiiT tn concn‘tt% tlnniKdi oi’dinary bla<*k licrease fuihul to 
give the desired restdls. Fatty oils should not i>e UH(aU as tlu'y act 
on fresh conende l^y dlHintegratinic and discoloring* it. (Uyeerine 
leiivcH a fiitty stain. 

A dark oil should not bf» used whc*re a possible stain would be 
objectioniible. Specify a light oil ftn* such us(*. 

FtinuH may be tdlial with a tran^paremi j(dly, made by melting I'A 
lbs. of paralllne iti H) (|Ih, of kenwene oil. This may Im applied with a 
wbitewutsb Innislt or with wa^tin It yivc‘« a tratisparent oil, whicli dot's 
not stain the ronerefe, and which makes the farniH leave tim concrete 
with little or no concrete inliHU'inir to them. Whih* the kc'rosenc may 
avaporale to a ceitain extent a tilm or coating of tin* paratline remains 
on tlie surface of the ftn am. 

The objections to oil are the expense, the weight of oil-soaked 
forms in handling ami the liability of discoloriug the face of ili© 
eoncrets. It Is atwi difliciilt to pn^perly treat surfact's which have 
come in conflict with oiled forms. It is imptwsihli' to get rid of the 
thill oily coiitiiiir and it is iniptiHsllde to make plasiiu* stick to an 
oiled Hurfacti. An iiliwmt invisible film of oil or grtuwe, wlucli often 
gets on the concrete frota the forms, is very effective in preventing 
II bond of new to oh! ctiiicrete, and is very tlilllculi to rmnovc. For 
thin reiiHoii it m better to use soap than oil on tlie Inside of forms, 
since soap is soluble in cohl water and hence is easily waslunl otl. 
Anoflier fihjeclloti to the ihii of oil is that the atmosplu're Htumm 
soiticliow to liecofiie filled witli oily vapor after a few days of its use. 

Oil Hills ill preventiiiir the warping of the wumden forms, as 'wood 
that h proof iipiiiist iiiokture Is less llahle to elieck or warp than wood 
that In iiiilrefited. 

Oiling F0raDiS»*"*“'ForiiH hIiouIiI pndVrahly In* <nled before the forms 
are m*i in phice, liy Inhorers and not hy carpenterH, By using not^a 
greti© but an oil, iiko crude oil, which is a patroloum product, it will 
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soak into the wood and the forms will not be toci i^reasy handle. 
Good results can g’enerally be obtaiiual with petroleum eut down with 
three parts of hot keroscme and them applied with a brusli. If is 
found that crude oil ne(‘d be applit‘<l but otice or fwiee» m it K«*enm 
the pores of the wood are filled, and also by cement, wliieh pre\entH 
old forms from sticking to the coiicrete. This aids in preventing 
warping. 

Forms which are to be used repeatedly may be given tni the 
surface next the concrete three good coats of ptire ladled liuHeed 
oilj applied with a brush, and each coat idlowed to dry befiU'i* the 
forms are used. Boiled linseed oil gives a glazed or vandshed sur¬ 
face to the forms. If at any time tlie forms become rtmgln ami tliere 
is danger of injury to the smoothness or appeiintnce of the concrete, 
they should be cleaned, redressed and again given three ccuits iif 
boiled lins(‘ed oil as above stated. 

The oil to be used in oiling forms sliould be titick and heavy 
enough to act as a filler for the forms. (*iire mimt be fiikeii not 
to get this on too thick, as grease spots in concrete leave an unsightly 
appearance. The quality of oil known as ^^sludge’* iit the oil 
refimudes, or its ecpuil, is recommended. Tim oil sliinild be thin 
emongh to flow and fill the grain of the wocxl. In fact the reciulsile 
of any oil is that it sliall be thin enougli to spread evenly nml 
fill the por(*H and grain of tlie W(H>d. Grain marks can be iiulitced 
to Hfum^ extent by oiling the lumbar with gbms oil and llien throwing 
flnc^ sand against the oiled surface witli a bellf>ws. A slight tilling 
of forms will result in great eeonomy in savifig of formsnir Iitmhrr. 
An excess of oil must not he used. The oil muMt he applied every 
time the forms are bc*I. That is to say, when the forms are to tie 
used again they must be thoroughly cleanetl (see page 2dKl iiiul 
reeoated with oil. 

Don't oil form work after the nteel remforeemeni hm hem pimrd 
if htj BO ‘ *oing the oil will come in eontaet with the meittl. In other wortls, 
use every ])rceaution that no oil ccunes in cfuitact wdth tlie ruin forcing 
steel, as tliis destroys the bond between concrtde and stwl 

If tlie walls recjuire plastering or any auhseqiient treiitiiiofit, the 
oil skin, if any, must first be removed; or if ret|idrefl by the 
spccifleations, the forms must not he oiled but iiwteiui itnwt be 
thorougldy soaked with wmter as described iibo%-in Homelimw even 
oiled forms recjuire wetting tin hot days tt» prevent stiritikfige. 

Forms must be perfectly dry before the oil coat lug in ftpplied, 
otherwise the forms will not absorb enough to ilo iiiiy guiwL The 
nnndier of coatings tiecessary will vary with tlii wockI itiicl »lm% lint 
condition of same at the time of treatment. (See page alllj 

Soaping PormB.— Soft soap tnay he used Insteiic! of oil for Itibricnf 
ing forms when the inflammalnlity of tlie oil ii objectlotiiilile, m mmp 
boiled pid applied hot in tlie forms gives very gooil in 

preventing the adhesion of concrete to forms. In tlnit eise, the furtiw 
are simply given a good soaking with ^oapy wmter ioiiie little fiiiie 
before the concrete is rim, and it must lie admitted timt the form^ 
usually come away from the concrete m readily m whin they 
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oiled or greased. Ordinary wort soap does not injure the suriaeo or 
diminish the strenji^th of tlie eouereie, and sliould be used instead of 
oil (»r .i*:rease wiien the surfaet^s are to be vvliitewaslual, ^'routed, or 
plastered (see Art. 44), as the oil or |»'rease is vei’y apl to discolor the 
whitewashini*: or plasterin.t!:. In other words (soap is belter than oil 
or grease, since it is soluble in cold water and hence is coini)aratively 
easily reniovcal from the concret(‘ suidacc'. (\)rnmon soap can be 
melt(Hl in hot vvater or soap oil can be purchased from the neatest 
soap factory. 

Soap should be thorouijchly dissolved in water to the consistency 
of very thin paste and applied hot with whitewash bruslu's or brooms. 
The forms slnudd always be scraped and brushed with a steel wire 
brush when taken down. 

The use of soap helps make a dense surface and does not interfere 
matcu'inlly with Hubse(|uent treatment, provided the Hurfac(‘ of the 
concrete is washed well with chum water befon^ applying: the white¬ 
wash iicir, plantt‘rin*r, cte. The objeetioius to the us(i of soap are 
tliat it is expensive and is Bc4dom appHcal properly. 

WMtewasMiig Forms.— Common whitewash is an excellent material 
with which to coat forms. It wonld be ditlicult to timl anything 
cheaper and it is really very etlicient in prevtmting adhesion of 
c«mcrt»te tt» forms. 

Cold-Water Faint.— Forms tnay be coated, after thoi’onghly clean¬ 
ing, with cobl-water paint, iuul after they Iiave been erectiul, should 
receive anotlier coat. 

’U's© of Cine, Limo, Plaster of Paris and Cement.— A compound con¬ 
sisting of a clicnp glue. disHolvcul in watcu* in the proportions of ab«)ut 1 
lb. of glue to a pail of watcu*, to which is added a cpiart of linn* putty 
and abotit a pint of plastm’ of Paris may he used for coating forms. 
Whim this is thcu'cmghly mixed enough cimient should be added to give 
the desired bo<ty to tlie mixture. If tliere are large cracks to !)e tilled, 
more cement shoidd be atlded, so that the compound not only covers 
the forms but litis the cracks as well. This mixture must not he 
applied until the concrete is ready for placing because it dries out 
rather quickly and in tlicm less effective. Tlie resnlling concrete is 
extremely smooili, and the mixture preserves the forms in good shape. 

tJst of Shellac. — Applying shellac to the forms improves the 
fippeiinmce of the concrete surface. If end grain is in contact with 
concrete, it hIiouIcI be covered witli shellac to prevent absorption of 
water, (Hee page filO.) 

In otif* iiHtance tlia forms wewe varnisluHl and fine stone diiHi 
was blown on the varnished surface befori* it had dried. These 
ftirms were easy to remove, and the markings of the grain of the 
wt»od on file east eoncrete were scarcely noticimble. 

lining Forms with Shoot MotaL— When the forms are lined with 
sheet metal (see page 2IKI), the lulhesion of concrete to the lining 
is generally more dilllcnlt to overcome. Ordinary oils will not adhere 
properly to s!u»et metal lining; fat salt pork lias been found to give* 
satisfactciry results. 

lining Poms with Paper.—Papor^ unleas it is oiled^ will stick 



244 


INSPECTION OF FORMS, MOLDS, ETC. 


to the concrete and is hard to remove. Tlie use of pa|H*r needs 
constant attention in order to secure satisfaettu-y n^suitH (see piiire 
204 ). It is somewhat dinieult to keep the paper iih.solutel\ Muootlu 
so that the final surface <loes not show wrinkles, rnlcss the paper 
is veiy oily it will adhere to the concrete, necessitating tlnil it he 
burned off so as to effect its removal, as a tinu’cnmdi soakin;; very 
seldom removes the paper entirely. (Kee pai^i's 22ti and 2dl.) 

Lining Forms with Canvas. —Edward Uoilfrey in his hook on 
Crete/ ^ page 98, recommtmds tliat canvas painted with liiwetnl oil be 
used as a cover for rough forms. It is waterproof and would 
therefore not absorb water from the concrete; it wouhl also prevent 
the leakage of the liquid mortar tliat occurs at cracks or joints in 
the wooden forms (see page 204). It would probably he ecomunica! 
for the reason that it does not require planetl boards in tlic loriiw 
and it could no doubt be used repeatedly. It would further help to 
keep the frost out of the concrete. 

Art. 19,—^RemavaJl of Forms and Centering 

Removing the centering before tlui concrete bus bad time to 
sot properly is tlie cause of the greatent mimlMir of rciiibirccd cuncrete 
building failures. In fact, premature removal of centering has 
been the c.ause of most of the deploralde acchliuits %vbicli Ititve tetnltul 
to retard the ad%umcement of reinforced ctinertde tti the riiiti'd 
States, and wdueli has catised investors to hmk askiinee at this type 
of construction, otherwise so desirable from an engtn«*eriiig and 
economical standpoint. The removal of {lie centering Is freijiieiitly 
hurried because of llie desire to use the centering miiieriid tm 
another floor, or because the floor space Is wiinted by the oilier 
mechanics in finisliing tlic building. Trying to giiiis time on oiieli floor 
by ^^pulling^^ one day sooner because nothing liappeiicd to tin* fliior 
below, is quashcriminal; Hometliing will hapiam in stieli eiises wltl flit 
result that a scorec of men find tltemselves before a gritml jury tr> trig 
to explain what can be stated in three words, ^^Too iiitiefi 
Haste can be accomplished by onler and systimi ^iippbuiieiited by 
proper mechanical appliances, but not by ‘"^pulling furnw” tfio sciiin. 
Other causes liave also contrllmted to reinforced concrete fiiiltir«, «iicli 
as improfw deiign and bad workmanship. (Bee piige 17,) 

aEOTEAL miqummsmTB 

Forms shall not be removed until the eoncreti;i iliiill liave iM^eomo 
hard enough to be untpiestionably Helf-»upp«rting, No fiiriiiii ulniiild 
be allowed to be removed except In the prenriice tif the iiwpcrtor. 
The most imfmrtant precaution in leinforcefl concrete eiuwlriictioii, 
and whose importance cannot lai overestitimtiidj m emtim in flic miifieiil 
of ihfi form work. 

Notification of Form Removal—No formi wliitever ilwutld Im 
remov(»d at any time from reinforced concrete »*ork wltlicnit firit 
notifying the engineer in ehaiie of the work. But siieli ncitifletticm 
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should uol 1)0 (‘onsidort^d (o roliovt' tlu‘ ooutracior oi* rospousibility 
for Uu‘ ooustriudioii and ivm<»val ot‘suoli I’onns. 

Contractor’s Eisk.- Korins are removed rroni the eoneretc at the 
e<jntra<d(»r\s risk at any time, and siioidd any ol‘ the eoneretc ^ive 
way hy sneh removal or l)t‘eonu‘ permanently injured, the eontraetor 
should la* reipiired to renualy same at his own exiiense. The eon¬ 
traetor should he (‘xpeeted hy suitable observations to know when 
tin* eonerc*te in any s<‘etion of the work is sidlieiently hardened to l)ear 
its own dead load plus additional load as may be imposed by the 
work of installatitm and should not be relieved of responsibility for 
prcunaturc* rerno\al of eenters. The enj^imu'r, how(‘V(*r, may vvhen 
in* tleems advisable, order the eenterinjr to remain for a loini^er 
time*. Tfie t*na'iut‘(*r’s aef{uieHeenee in permittin<r removal of forms 
should not by any means relieve the eontraetor of responsibility for 
same. 

Time of Removing rorms.”— fn all ease's the forms should be 
removed ns soon as possible so that they ean be used over again and 
HO that the eonerc'te may be exposed to the air to hasten hardening. 
However, under no eireumstanees should forms lx* remov(‘d until the 
eonertde has attained suflieimit strength to r(‘sist aecddental thrusts 
and permanent si rains whieh may eome upon it. This is a matter of 
‘rnmt importnnee. and laek of attention to this item has eausc'd most 
of the disiwtn^ns aeeidents to rc'inforeed eonerete. Tim removal of 
tle» forms, tlierefore, ealls for diserimination as to the proper time. 
In fact, vood jmlgment and extreme care are (»ssential in removing 
forms or etmtering. It is far better to be a few days behind time 
than t«) take elianees on a too early removal of the forms, Miudi 
alt«mtion must he givtm to tliis portion of the work, whieh is 
fraught with danger under incompetent diree.tion. Forms supporting 
reinforec^tl memberH should be left in place until the concrete' rings 
Ht)uml and is readily ehipped by a blow from a pick. 

No exact time for the rt'moval of forms can be safely prescribed, 
nor is any such schedule wise in concrete work, because of the 
varying character of tlie work, the variations in atmospheric con¬ 
ditions, etc. Forms should, however, remain longer under bc'arns and 
arches than around columns or walls, and longer und('r beams and 
iirclicH of long spiifiH than of short spans. The time that should 
elufwe between the placing of concrete and the removal of the* forms 
depends upon a number of things, among whieh are the following: 

(1 ) Vurmlitmn in thu Bfttmg of Different Cement b. Rome cements 
set and Imrden more rapidly than others. Forms may be removed 
earlior with cjuick^'Setting tlmn with slow-setting cement. 

(2) The MivhntMB of the Mixture. Fonns should remain longer 
under lean concretes titan rich ones. 

(2) The ('onmnitneii of the (Jonerete, %Vhether Wet or Dry. Whan 
mixed very wet, concrete sets and attains its Htn*ngth more slowly 
thim when mixed with a small amount of water. In other words, 
wet concretes recfuire longer tt» harden than dry conmdes. 

Ml The Quulity of Conerete in the Member ComideretU n 
Dn thru Demi Weight. If dead load, that is, weight of the concrete 



246 


INSPECTION OF FOEMS, MOLDS, ETC, 


itself, is large, the forms must be left longer for concrete to attain 
sufficient strength. In other words, forms should never be removed 
until the concrete has set and hardened to such strength that it 
will sustain its own dead weight. Vertical members, such as walls 
thicker than 4 in., or columns, will bear their own weight when quite 
green, while horizontal members, such as floors, must harden until the 
concrete can sustain the dead weight and the load during construction. 

(5) The Strain Which Is to Come Upon the Work, L e., the 
Load Sustained. In no instance should forms be removed until it has 
been conclusively determined that the concrete has properly dried and 
possesses sufficient strength to carry its own weight (as mentioned 
above) and any weight that may be placed on it during the course of 
erection. That is to say, the forms should never be removed until 
the concrete has set and hardened to such strength that it will 
sustain its own dead weight and such live load as may come upon it 
during construction. The determination of this condition is a matter 
that calls for knowledge and judgment, as the length of time that 
should be allowed to elapse before removing the forms depends upon 
the load (or the nature of the stresses) to which the member will be 
subjected when the form is removed. 

As to the effect of the load upon the time to elapse before 
removing the forms, it may be said that the nearer the load to be 
immediately sustained approaches the load for which the member was 
designed, the longer the forms should remain in position. For 
example, roof forms should remain longer than floor forms, floor 
forms longer than column forms, column forms of an upper story 
longer than those of a lower story, and column forms longer than 
footing forms. Forms may be removed earlier from under light than 
under heavy loads, and those which do not support loads may be 
removed as soon as the concrete has taken its final set. 

(6) The Humidity of the Air, Concrete hardens more slowly 
under water or in a saturated atmosphere than in dry air. The setting 
of concrete is retarded by wet weather. 

(7) The Temperature. Low temperatures delay the setting of 
concrete. That is to say, concrete hardens more and more slowly 
as the temperature falls. If the temperature be below freezing, the 
setting may be suspended (see page 349). In other words, concrete 
sets slower in cold weather than it does in warm weather, and there¬ 
fore, forms may be removed earlier in warm and dry weather than in 
cold and damp weather. 

The above and other circumstances must all be taken into account 
in deciding upon the safe time to remove forms. 

Minimum Time Limits for Form Removal, —The following sugges¬ 
tions as to the time of removing forms in building construction are 
general and must be followed with judgment. That is to say, the 
following schedule is suggestive only, as the removal of forms should 
be left entirely to the judgment of the experienced engineer in 
charge of the work. The strength of concrete depends greatly upon 
the nature of the materials entering into its makeup; hence what 
is safe practice in one place may be dangerous in another. 
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(a) Tlae minimum time for the removal of forms (not the 
supporting shores or props) should be as follows; For walls in mass 
work, 2 clays; for thin walls, 3 days; for the sides of lintels, girders 
and beams, 3 days; for bottom of slabs, 4 days (for spans of 6 ft. 
or less plus 1 day extra for each additional foot of span); for 
columns, 2 days. 

(b) The minimum time for the removal of shores should be 
as follows: For bottoms of beams and girders, 14 days, for spans of 
ordinary length. 

(c) Should frost occur before the concrete has attained sufficient 
strength to enable the removal of the centering, the counting of 
time for this removal should start after the influence of frost has 
been entirely eliminated. That is to say, in counting the time that 
concrete should stand before removing the forms, days when the 
temperature is at or below freezing should be counted out, or at 
least allowance should be made for almost total suspension of the 
hardening process. 

No schedule of removal can be blindly followed, and that given 
above is certain only when the conditions are right and as stated. 

It may be further suggested that in dry, warm weather it is 
possible to remove the form work from light structures in from twelve 
to twenty-four hours. In large structures the time will vary from 
twelve to twenty-four days. 

City Ordinances.—^Removal of forms should comply with the city 
ordinances or regulations governing reinforced concrete construction 
and forms should not be removed until the approval of the engineer 
is obtained. 

Tests to Determine the Hardness of Concrete.—To determine if 
concrete has sufficiently hardened to allow removal of forms several 
methods are adopted, depending upon whether the forms are for plain 
or reinforced concrete work. 

A good method or rule to follow when laying wet concrete upon 
which no pressure is to come immediately is to determine whether 
it is sufficiently hard by pressing upon it with the hroad part of the 
thumb. If indented, the concrete is too soft to permit of removing 
the forms. 

Another method used to some extent for reinforced concrete 
work is to attempt to drive a 20-penny wire nail into the concrete. 
If the nail bends before a penetration of 2 inches is reached, under 
medium heavy blows with a carpenter^s ordinary claw hammer, it is 
usually safe to remove forms. It is sometimes required that such 
a nail or spike shall bend double before it has penetrated one inch. 

Still another method or test to determine whether the concrete 
is set, is to strike it with an iron bar or hammer. The concrete 
should ring under the blow if it has a hard set. Of course, it is 
not necessary that it should test up in two weeks as hard as if 
it wore six months old. An experienced inspector should be able to 
determine where the point of safety lies. 

To an experienced inspector, scratching the concrete with a 
knifo cT stinking it with a hammer gives a rough idea of the amount 
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of set, and therefore of its streno^th; hut probably the only sure way 
to determine when the forms may safely bo taken down is to make 
test specimens—either cubes or beams —at the same time the concrete 
is placed in the structure. Care must be taken to g’et identical 
mixtures and to store the test specimens under similar conditions to 
tliose obtained for the structure. The specimens are then tested 
from time to time to determine the growth in stren^’th of the concrete. 
Such tests will also show whether the materials and the mixiii<:j: were 
uniform. However, do not depend entirely on the hardness of test 
specimens as a guide for taking down forms. 

Many large contractors mold a cube of concrete for each day’s 
work and leave it standing on the finished floor exposed to the same 
conditions as the concrete in the forms (see page 303); examination 
of this sample block gives a line on the condition of the concrete in the 
work and on the probable safety of removing the forms at any time. 
These cubes should be tested, if necessary, to del ermine whether 
the concrete has the proper strength. This may be done by setting a 
minimum compressive strength that the concrete must attain ])efore 
removal of forms, and when the cubes show Ihe strength by test 
it is safe to remove formwork on the section from which cube was 
taken. 

As an aid to judging when forms and supports may bo removed 
safely, and when the concrete work may be used safely to carry 
extraneous weights or loads, beams about 4x6 in. x 3 ft. in length, 
made of concrete taken from batches which are being placed in the 
portions of the structure under consideration, may be tested. 

An excellent way of knowing when the cement is fully set and 
the concrete properly hardened in freezing weather^ is to cut out a 
chunk, place it on a hot stove and see whether it sweats and softens 
up. If it crumbles it means that the concrete has become frozen and 
forms cannot be removed until it has warmed up and R(‘t permanently. 

Eemoving Forms in Freezing Weather.—When the necessary pre¬ 
cautions are taken during freezing weather (ace Art. 33), the forms 
may be taken down at the usual time, if, in the judgment of the 
engineer, the test prisms made under the same conditions as the 
concrete is made as mentioned above, has attained sufficient strength. 
As a general thing, however, the forms must remain in place 
much longer than in warm weather. Very cold weather delays setting 
indefinitely. 

Special care must be used in removing centering when the con¬ 
creting has been done in cold weather. In fact, extraordinary 
precautions should be taken where it is known that freezing weather 
occurred during the placing of the concrete. Falsework must never 
be removed while the concrete is frozen. Tf necessary, artificial 
heat must be employed to thaw the whole mass and the set and 
hardness determined before removing falsework. Tn other words, 
don’t remove any forms until absolutely certain that the concrete is 
thoroughly hardened and that no portion is either soft or frozen. 
Failures have resulted on account of forms feeing removed from 
concrete that was frozen and appeared to be hardened due to setting. 
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The only sure* way ot kiiowiiiy; wIkmi the etaiuail is Tally sot and the 
oonoroto properly hardened, is to aetuully test it by *lu*atin- on a 
stove*. To do this, it is n(*et*ssary to ri‘inove small portions oi’ the 
torniwoiiv and out out eliiinks ot‘ eonei*(*te and plaeo lh(‘m on a hot 
stove* as eie‘S(*ribe‘d above. For renie)val e>T Tonus in Treeziny;* weather, 
see page* dtM. 

Organization of Form Removing Gang.~A eompetemt and e.\pe- 
rie*nee‘d tenannan should be in ehurge oT a spe*eial gang Tor removing 
feuauH at all timt‘s, ami at no time are more' men to be engag(*d in 
the striking oT Tonus than the* fori'inan earn Tally elii*e'e*t. Ne^ Tore*man 
lat'king the* re'epure'd expe*rie‘nee in this line*, ein high grade work, 
slumltl he allowed upe^n the! work. In otlu'r words, reHie)val oT forms 
should be done! eudy unde*!* expert supervision. 

It is of the first importanee* that the fore'inan in charge of removing 
forum she>ald be of a high order of intelligenea*, and a man who can 
be relieal upon to edmy orders literally, Tor the r(‘ason that a mistake 
on Ids part is more like*ly to cause damage! to life anel property than a 
mistake* em the part of any edhe'r Tor(‘man, 

It is wedi te> have a separate or spe‘cial gang to remove forms 
for the re'asem that gn‘e‘n concre'te* is lairiicularly susceptihle! to 
injury from shock e»r sueldcn strain and memt forms are usually 
re!nt»ved wldle tlie concrede is comparatively green. Fve‘n a moderate 
weight eir slies'k applied to tin* structure* when the concre‘te is ^\gree»iF^ 
may cause clc'st ructive rc'siilts. This gang will in a f(‘w days Ix'como 
traine'd unde*r an expericnce'd fe»reman so that the w'ork will not only 
he done with greate*r safc*ty hut also more ra[)idly. The proce'duro 
ttiat this gang should follosv will vary Hemiewlini with the! nature e»f 
the fotm work and will he! considereid in Buece‘eding sections for 
several kimls of work. In all eaise's, this gang should be reeiuired 
to follow a rc*gular system in its work, a syHte'in which may not be 
d«’part«‘tl frtun witfamt eliregd orders from the* Huperinlcnde‘nt, 

Bnperimposid Loads on Forms,— When forms are* be*ing reme)ved, 
thf*re imist be m* leiael upon the* portiem of tlic! concrete adVcled in 
excess of one-sixth of the live loud for which the portiem alTe'ctcel was 
designee!, utib’ss temporary shores are left in to take* care of suc'h load. 

Formi to B§ Easily Removed.— Forms should be rc^moved geiitly 
wltlumt cbippiiig or jarring tlu! concre'te*. Ih’ying with bars or 
striking with a sleelge must not be all(nve*d as all jar and vibration 
must bn avoided. Witli proper elesign and lubrication of forms they 
should cirdiniirily cemm away from the concu’ete with a moderate 
amount of sletlge liin! lair work. 

Care in Removinf Formi.—Forms Hhould hi^ removed with great 
eaution, (kire in rt'inoving forms is esse'ntial for tiie reason tliat 
gre<*n cemcrete m very susceptible to injury from shock or sueldcn 
Mtraln. Feirms slandel he removed very emrefully anel gradually with 
eltme titt<*ntion to the results and the concrc'le axamineel before 
giinefiil removal is ordc*red, so that if there is any sign of wcudeness 
the siipportH may be replaced, eu* if imperfect vveuivuianship is dis- 
eovered it may be repaired. Witli the carc'ful re*moval of forms the 
iliifeeti or weak Kfuitti are revealed in suedi a manner as to permit t.heir 
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being repaired without any damage. The inspector should be present 
while the removal of falsework is going on and constantly watch 
for imperfect places as the form is taken off. 

The men engaged in the removal of the forms and falsework should 
be very carefully instructed in the danger and the disastrous results 
caused by carelessness, which will be liable to subject them to im¬ 
prisonment. In the case of an accident they will be held for trial 
on the charge of criminal negligence. 

Method or Manner of Removing Forms.—The method of removing 
forms will vary in detail with the character of the structure as 
will be described in succeeding sections. Forms when being taken 
down must not be dropped onto floors and knocked against columns 
and walls. The forms should always be eased down by a cable or 
other similar method. Always leave in place a few intermediate 
posts so as not to place the entire dead weight too suddenly on 
the beams and columns. A regular procedure should be followed in 
removing forms, and the work should be done by regular gangs (as 
mentioned above) so that the men become trained in the requirements 
and methods of the work. 

Care must be exercised and precautions taken to prevent large 
masses of forms from falling on floors. In other words, the work 
of removing the forms, molds, and centering should be done with 
great care so as to avoid injury to the concrete. Care must also be 
taken to see that all portions of splintered forms adhering to the 
concrete work are removed. 

Cleaning and Piling Forms.—The forms upon removal should be 
thoroughly cleaned of all cement (see page 238) and any necessary 
repairs should be made and the forms piled so they lie absolutely 
flat, and if possible, under cover, to prevent warping. The forms 
may be scraped with wooden scrapers and hot water, and given a 
coat of black oil (see page 241) and piled in some convenient place, 
preferably under cover. 

Some discretion should be shown in the manner of piling forms, 
so that those needed first may be easily accessible. 

COLUMN FORMS 

Column forms, if removed first, should be so removed as not 
to disturb the beam and girder forms. In fact, it is desirable to 
remove the column forms first, since then any defect in the column 
may be detected and remedied before any considerable load comes 
upon it. This not only gives an opportunity to determine the sound¬ 
ness of the column casting, but also serves the further desirable 
purpose of baring the concrete to the curing and hardening action of 
the air. Columns should not be given their full load in less than 
five weeks after concreting. 

Time of Removing Column Forms.—Column forms should not be 
removed in loss than two (2) days, in summer; cold weather, four (4) 
days; provided girders are shored to prevent appreciable weight 
reaching columns. 
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Manner of Removing Forms,—The opposite sides of column boxes 
should be removed before any of the rest of the falsework, and these 
should be, where possible, the sides into which no beams are framed. 
In good weather this can be done in two or three days, and the 
column will then dry out quicker and be able to carry some loads. 
Where four beams frame into one column, two opposite sides of the 
column can be made so as to be removed first up to the bottom of 
the beam; but before doing so, erect a temporary shore or prop 
under the end of the beam which would be left unsupported. 

SLAB, BEAM AND GIRDEB FORMS 

Floor Slabs and Sides of Beams.—Forms should not be removed 
from floor slabs of ordinary spans in less than seven clays in summer 
weather with normal conditions. Slabs of reinforced concrete should 
preferably stand about two weeks of good weather before being called 
upon to support their own weight. Slabs of long span may require 
more than two weeks. In all eases leave, at least, one line of shores 
or props in the center of the floor slabs when removing floor forms. 
This precaution is often neglected and with very little reason con¬ 
sidering the importance of the safeguard thus secured. Ordinarily 
the shores need not be left in place more than a week, so that the 
amount of lumber thus tied up is small. 

Sides of beams and girders should not be removed in less than 
three days. The bottoms of beam and girder forms must remain 
in place until after the side forms have been removed, so as to 
inspect the sides of the beam without lessening the support of the 
beam against collapse. In other words, even if the side forms have 
been removed, it is absolutely necessary to leave the shores or props 
beneath the soffits of beams and girders, leaving the bottom form 
boards in place. This will afford an opportunity of not only inspecting 
the surface of the beams and girders, but to plaster up any cavities 
before the concrete is too hard. Of course, the side forms may 
stay on as long as the beams and girders are supported, but 
removing them within a few days after pouring the concrete permits 
the di-ying of the concrete much faster and expedites the work. In 
other words, when the side forms of beams and girders are removed 
and the concrete is exposed to the action of the air it drives out and 
attains strength more rapidly. The bottoms of the forms for beams 
and girders must be left in iflace and be supported until the beam 
has gained strength enough to be self-supporting, but the sides may 
be removed within a few days, or in some eases as soon as the 
concrete has taken an initial set. This should be left to the judgment 
of the engineer. 

Beam and Girder Supports.—The original supports for all beams 
and girders should remain in place at least two weeks. Where prac¬ 
ticable it is well to leave the shores or props under beams and girders 
for three or four weeks. Large and heavy beams should be allowed 
to stand longer than short ones, because the dead weight is a greater 
fraction of the load they are designed to carry. All beams and 
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girders havinir more lluui dO-ft. npau from e<^nter to eeidtT of 
supports should be eoiisidered as speeial ease’s and should he suhjeet 
to inspeetion of tlie Building Department he*fore removal of supports. 
In spring and falh when the wemther is datnp and ehilly, it may fa* 
necessary to leave the forms and props niueh hmger titan eiled iiho\e. 

Freezing Weather.— The time at which props t»r shores may safety 
be removed from under beams and ginlers will vary witli thi' ctm- 
dition of the wc’ather, additional time, lit»wt‘ver, shouhl lie alloun! fur 
each and every day the thennomet(*r registers any time tluriiig the 
day or night below 35* F. In some eases it may be iieensHiiry 
to leave the ]>rops under the beams and girdeiv two or three moitllm, 
or even longer, if the eonen*te has fn^zen and not olitniiiffl iLh 
natural set. In order to determine this point, the best eoiir*4e for 
the inspector to Y)nrsue is to break a small piece of coiirrete out of 
the work and take it to a warm place and leave it long cimirdi It* 
determine whether it has obtaitied its natural set by noticing whether 
it bcH'omeH soft and moist due to tljiiwing t>f the frozen wiitcr in 
the concrete; this will be self-evident, luul is a sure tent of uiiellicr 
the concrete is frozen or set. In tins connectitm, see pagi* 217. If 
(ho sample concrete is frozen, the forms slioidd remain initil the 
concrete has thawed out and set naturally under tlie muiriiier wcailiet. 

Removal of Shores or Props.— die fore removing the sliurcs tir nrfifm 
under any beam or girder, the column supporting it slionld be ripped, 
so that columns may l)e examined on all sides fseo page iiini 

at least one side of each Imam and girder bmm siifuild be rcfii<ni*ii in 
order to expose the concrete to %ucw, w> as tc» give cvidciicc t»f tin* 
soundness and hardness of tim concrete. T!ie slinring iiiideriioiitli 
principal girders and bc‘ams should be the last tti be riuimvetl, 

A serious element of danger in reinforced cfuicrote the pmiiii^ 
ture removal of the shores or props from under fin* furiiiM. Miitiy 
serious accidents have been atfribided to this cinise, iiltliiiiigli ntlicr 
causes have contributed to the cliHiistcrs, sucli m iiii|irti|icr licf^igu iiud 
bad workmanship. However, most of the iiccldimt^ or of 

floors which have occurrc*d liave licrn clue to ttikfitliw in tlie nuiitiviil 
of the Hupporta of the feenns before tlie coiicreltf Inw |irit|ieiiy wU, 
Too much it resg cannot be placed upon tin* iiiififirtiirire uf iierititflitig 
the shores or props to remain under ill© coitcrete ii leiiirtli of tifiie 
sudlciant to insure against failure (see page 244 K It fiir bet for 
to lose a few days at this itage of the construction fliati tci jwifiiirdize 
the safety of the building by undtie liaite. 

The contractor sliould reassure himself reganiitig tin* fii!idif|fi!i 
of the concrt*te before attempting the removal iif the 
under any of the femms carrying ii concrete floor wi4ti*iti, Tlie 
temptation for the contractor, Imwever, if tlie work Im of nriy iiuigtii-- 
tilde, is to remove the forms tm soon at he iieedw tlieifi for iiiirititei 
floor, and thus take chances of pnidiicirig a falliirp, Tli«* lfi*i|ii^ct«r 
cannot he too strict in insisting upon the ^lifiren or iii|ipfirt« retiiiiiiititg 
in position until tlie concrete hm hardened ^iiflelently liinwid a doitlif. 

Concrete in reinforced work should ring when «triiek iiltfi flip 
hammer, before the supports are rtimoved. 
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Care in Eiemoving Shores.—Shores should be removed with great 
caution. They should be removed without jarring the structure by 
properly pulling the double wedges at the bottom (see page 223). 
They should be lowered gently and not allowed to drop heavily on to 
floors and thrown against columns. Even a moderate weight or 
shock applied to the structure when the concrete is ^^green’’ may 
cause destructive results. When shores are finally removed, they 
should be taken out for a beam or a panel at a time and under no 
circumstances must all shores under a floor be knocked down at hap¬ 
hazard or in rapid succession. The practice of ramming down the 
shores or props and thus letting all the centering crash to the floor 
must not be tolerated. There is absolutely no excuse whatsoever for 
such practice. Great care must be taken when the forms are removed; 
in fact, a large number of ^^unaccountable” cracks are due to care¬ 
lessness in removing forms. In other words, falsework must be 
removed carefully, without jar to the concrete either b^^ hammering 
on the boards or dropping heavy pieces on the floor below. 

In many cases where reinforced concrete buildings have collapsed, 
with attendant serious damage and loss of life, the accidents have 
been caused by the improper removal of shores. Smashing the shores 
out is very nearly as dangerous as premature removal. 

Eemoving Shores before Forms.—^While it is customary to some 
extent to remove shores one at a time and then put them back again 
in order to permit the removal of the bottom boards of beam forms, 
etc., this practice should not be permitted. The reasons are obvious. 

Precautions to Be Observed.—^In removing forms the falsework 
should be lowered to such an extent as to permit the form to drop 
away an inch or two from the slab, in which position it should remain 
for 24 hours. While the wedges are being loosened the concrete must 
be carefully inspected. 

If a load of any consequence is to come on the floor the shores 
or props should be left in place longer. 

The shores should not> be removed when any unusual load is 
on the floor. Materials should not be stored on floors that are 
not thoroughly hardened and self-supporting. 

WALL FOEMS 

Massive Wall Forms.—^It is sometimes possible in using dry con¬ 
crete in warm weather, even if slow-setting Portland cement is used, 
to remove forms from retaining walls, pedestals, isolated pillars, etc., 
within 12 hours after placing the concrete, but care must be exercised 
that no blow or jar comes upon the fresh work; using wet or sloppy 
concrete the time will be increased to 24 hours. However, forms for 
massive concrete walls should not as a general rule be removed in 
less than,one clay, or when the concrete will bear pressure of the 
thumb without indentation. If indented, the concrete is too soft to 
permit of removing the forms. In other words, where there is no 
pressure against the wall the forms can generally be removed in from 
one to two days after the wall is completed, or just as soon as the 
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lop eonerete in so hard that it eaiuiot ho iiulontod l^y the tlnunh. 
Ill cold or wot weather, more time will be nHjuired for the eonerete 
to harden. 

TMn Walls.—FormH for thin eonerete walls nhould not lie removed 
in less than two days for ordinary eomlitions; in eold weather, five 
days, T£ the wall is very thin and is to ht* suhjeeted imnnaliately 
to tairth or watc'r ^iressurot it may atlvisable to allow tlui forms 
to remain for several weeks. 

ABCH CENTiaS 

The centers should be striudc when directed by the engineer, whieb 
direction should not he i^iven until the masonry above tliem has 
been completed up to tlie level of the bottom of the ecipitm. As a 
rule, areli-c.eutmin^ should lie left in place ns lonir iw possible. 
Since concrete shrinks in settimr and since wochI shrinks in dryim^, 
there is a tendency of the concrete to Hcpariite frotfi the centerimr 
unless the latter he ki‘pt w'et. This widttnir of the forms alMi sup¬ 
plies the water tuHslcil by eonende in settini^ fsee pnice l!'ltl). When 
centers are remov€Hl, all supports between abutmenlH and piers should 
he removed to the bed of the strtmm or to the surface of the ♦^^roiitid. 

Eemoval of Forms.— -Fornm wliich do not suppml loiids may he re>' 
moved as soon as the concrete liiiH taktui Its final set. l#iiv:«ing siiouhl 
be rmnoved from spnndnds, copiiiKs and railiims as curly ns possilde, 

Tima of Eemoidng’ Centers.— There m no definite rule m to I lie 
leufirlh of time tlie centering should remain in pliiee. In cases where 
tlH‘ areh is to he iriven a form of hnmhed or ruhlicd fliiisli fsi'c piii:e 
31)7), HO that the forms must he removed while tlie concrete in Nfill 
|i:reen, or in cases wliere the structure is in several spiitw itiid the 
centering is nccnled for the others, it is removed earlier. 

The time for rmnovin^ areli centers should not he than 

two weeks for spans up to 45 ft. if the arch is hnckfllled itl once; 
when the centm* is not to he used airiiin it is he!ter to let it sliiiid 
consulmiihly longer. Arcings of small spans, say In Ifi ft, ciiit litive 
the centering removeil in about a ww*k’s time. As n rule, renters 
should not be struck until the concrete liiw set tor at leiwt ii finintls, 
and it is desirable that a longer period slmnld elapse if poKHihle; 
from twm to three months if possihle. hi ii niiitilier of eiwes eeiitrr?i 
have been removed at the eml of ten days or two weeks, lint tliln w a 
dangerous firactice as a generiil tiling, and ^limild not lie takeii tm a 
safe precedent. For very large arches the prolilctii of reitiovirig the 
centering becomes a specdal one ami should receive flie rtfieeial fitten- 
tion of the engineer. 

Method of Eemoving C©nteri.~Arch centeni sliunld tie nmmved 
without shock or Jar to tin* arcli rlnir. WInm forms are renifiveil early, 
great care must he taken that tliey are lowered evenly and rritfliiiilly, 
so that the arch ring can settle uniformly. Wliile cfiiicrefe liecitw to 
he self-supporting as soon as it Imgiiw to set, if iifit reiicli its 
maximum strength for some time after setting, wi fliaf the rititioval 
of centers should ht* especially firovided for. The flin»ici*f 4 iwmilly 
employed are w^edgc*s or sand-laixes (see pap* 234). WeilfCi can W 
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driven out iJrnidually, st> that tlie. strain conies upon the arch very 
slowly and evenly. Sand boxes are satisfactory if the necessary 
precautions are taken to keep the sand from packing or caking, due 
to the presence of tlirt or cement (see page 234). Where wedges 
have been provided, they should be driven back eciually, in order to 
lower the center unirorndy. This is most easily accomplished by 
making a mark on the side of each pair of wedges before commencing 
to driven and tlum moving each tlie same amount. 

For vc*ry hmg spans tlie engineer will provide special instructions 
for striking centers. 

MISOELXANEOUS FOBMS 

Conduits or Sewers.— ■Forms for conduits may be removed within 
two or three days, provided there is not a heavy fill upon the conduits. 
In some cases, forms for small arch work like sewers and culverts 
may lie rtmiove<l in 18 to 24 hours if dry w)ncrete is used, and in 24 
to 4H hours if wet concrete is used. 

No eenter should he slackened until the backfill has been carried 
to such height, not less tlian one foot nor more than two feet 
aliove the top of the iircli, as the engineer may approve. 

Sidewalk Forms. Forms for concrete sidewalks sliould be left in 
places until tlie concrete or mortar has sat. (See page 473.) 

Ornamental Molds.—(Irnamenlal work should have the forms re- 
movcul as soon ns possible, so that defects can be plastered up (see 
Art. 30) and so that swelling of the wood will have less time to act. 
(See also Art, 64, page 507.) 
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INSPECTION OP STEEL REINFORCEMENT 

It is not in tli6 provin<»o of this hook to rolo'iirst* tlio liwtory of 
reinrorc'(‘(l eoiioroto, and the dovtdu|antnU of tlio iiaiinn'oiw of 

construction and systcnm now in use, mu’ to niollitHls of ciilcula- 
tion or dcsiirn, hut Hiniply to !i:ivc* sucli genera! and Hpeeitlc* tissi rue!ions 
as are necessary to insure tin* proper placing of the steel reiiiforeeineiil 
in the structure* after the \vcu*k has been startisl. If the reader is in- 
t(*n*Hte{l in the hist(jry of tin* d(‘vc‘lopint‘nt c»f reiiiforiautieiil fur \artcnw 
strnehn’('H or in tlie cit'sign <»f rt*inforceil eonerelt* siruetiires, he vnu 
obtain the infortnation from almost any «d’ tin* standard hooks now 
pnbliHh(*d on the suhjeet of IteinfortuHl (*<mcrete. 

Art. 20. Delivery and Storage of Steel Eeinforcement 

DEUVEKY OF 8TBBI. 

The steel should he delivered in sueli qmiiitities and fit niieh 
as may he r(*c|uired l>y tht^ wtjrk. It should com^spond in dittieiwtorw, 
weight, and amount eiilled for by tin* plans itnd wiieeifieiitiiitiii. Tliii 
applies eipially to plain reinforcimr rods and Imiltoip nieiiilierii. 

Manner of Delivering Steel--Reinforeinir steel shoiild he sorted, 
bundled and liihc‘led when delivered; that for ii eutierete liittliltiiit, fur 
example, is generally <h*Iivered at the nite in the fiillinviiiii nuintier: 
All loose bars for floor slabs, etc., are hiindled iitid litgued. Hliiiwitig 
thair respective size’s and lenirtlis. All hiirfi fur tinier!^, etc., 

wliathar loose or built up, are delivered In ii siniiliir iitiiiiiier. All 
column bars are Immlled and tagged sapiirafidy ftir eiieli neelltiii of 
column. All hooping for colmmw is tagirei! with eoliitiiii imiiilier ttnd 
section. All wire mesh reinforelng In lint aii«l cut to tlit 

required widths and lenirtlw. The light reltiforeeiiieiit, m flie 
stirmpB and the wire ties, may be delivered In itocic leiigtiw atnl cut 
up as desired. 

Bending of Steel—Tt is generally preferable to biive the bent 
before they are delivered, but In ea«e tlik ii not dciiie* the rmilritetor 
is required to provide sueb facilities and liibor ai may be nerewary 
to bend the bars In tbe field. 

Condition of Dalivery,-—All steel sboiild be free front heavy niit 
or scale, Tbe Inspector ahottld carefully ei'fiftiinc flic sliipfiientu to 
see that tbe bars are not badly rusted, and if tbe rti«f !ia« acctimn* 
lated In quantity, be sbould have it cleaned off mdfli a »!«*! bimb 
or dipped in an acid bath as described on pagf» 2fi3. 

m 
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STOEA^E OF STEEL 

As soon as (lu* s((‘(*I is riHanvcal at Iho site, it should bo (diocdcod, 
assoi’ttal and sIoi'imI in siudi a niannor that it o.an be insp(‘otod. 

Assorting SteeL—IT the nuiitnial tliat has been oarerully ordered 
from the dra\vin,a's^ as well as eertain lenji.'llis ol* bars intended for 
eertnin portions in tli(‘ work, art‘ deliv(‘red in siieh a way as not to 
indieate wlnu’e they are to be used, tlie inspeetor should have them 
carefully sorted and tlien marked or iagg(‘d to eorrespond with the 
marks on the drawini^s. On the other hand, if the steel is not 
marked, or is itnprop(‘rly marked, a letter to that effect should bo 
sent to the company furnishing the reinforcing material, specifying 
the exact nature and extent of the failure properly to mark the bars. 
It is advisabb^ always to do this bc‘forc* the bars ar(^ ne(‘ded for bend¬ 
ing, working or placing in the forms. In otluT words, the absence 
of marks oii bent bars or built-up members should bo rei)oried 
promptly and sucli pit^ces should be laid asid(‘, if possible, so they can 
be tnarkc‘d up(m receipt of definite information. 

If enre is not <»xei*eised in sorting bars that have been ordered 
according to the plans, it will frcHpiently be found that bars of cer¬ 
tain huigtliH hav<' been cnf for positions in which shorter l)ars vvuu’e 
nspured, and Unit upon tlu» final operation of the building tluuv is no 
steel reinforcement of Kuflicient length on hand to finish the work. 
The author has ftnind this to be particularly true whtu’t‘ cxpaiuhul 
metal, wliich cotm*H in slieets of certain sizes, is employed in nun forc¬ 
ing floor slalw. If these sheets are not properly sortcul for plaeing in 
the correct positi<m, therc^ will h(‘ extravagant laps in many plac(‘S, 
and wliere the sttud reintbreemumt for the top story of ilw building 
or the* final operation in the slructure is about to be placed, it will 
be found to Ih* too short ft>r the spans and that a great bulk of the 
stf'fd ndnforcemerjt has bt*en wasted. 

Tin* cnn'ful sorting out of the steel reinforcement not only tends 
to proimde economy, hut also largely assists atul facilital<‘H thc‘ work 
u hen it is iietswary to commence the operation of bending ami 
placing. 

Storage of Steel.— The steel rtdnforeement to be used in concrete 
const ruction slmnbl be stored in sucli a way tliat bundles of bars of 
the Hiime Him will be kt*pi togetheu* on racks or in piles. Whma^ there 
if* plenty of room tlie most cmivenicnt way to take care of th(‘ stisd 
in ,o put it in piles on the ground with posts alongside telling the 
mm iirifl brngtlu If there is not much room Hum a stiud rack must 
he mmle. These racks are simple and do not reipiire description. 
Freferiilily they should be covenul over in such a manner as to prot<*cl 
the steel Vronririjury. Hoofing over the steel racks not only protects 
the steel from ruin and snow, but also enables the man to work dry- 
s!u»<! in stormy weather. But whether tlie. mntmaal is laid on the 
ground or put on racks under cover, om^ man should ho appointed 
whime Hfile duty is to look after the receiving, cliecking and storage of 
steel, and if this Is not done there will be trouble. 

Ai much care slumltl lu* taken witli the storage^ of the roinforeing 
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steel as with the other materials used in the work. Bars of each sij^e 
and length should invariably be stored by lluanselves. They should 
also be so stored that those portions needed first may be reaehed with¬ 
out handlinp^ other material or bars. This point is important. 

A list should be kept of all the steel reinforeement on th(‘ job, 
and as the various pieces are taken from the sto(*k, they should be 
checked off. 

Protection of Steel—-The steel shoidd be protected from rust» dirt, 
oil, paint, etc.. That is to say, reinforcing matc^rial slionld be pro¬ 
tected from the weather, but must not be oiled or painttnl. 


Art. 21. Inspection and Tests of Concrete Reinforcing: Bars 

The steel should be tested, invariably. In one particular buildin|»: 
with which the author was connected, there were lots of steel whieli 
teats showed to have a do^n different elastie limits, from 28,000 to 
45,000 lbs. If a buildin.ij: is desijtrned for 45,000 lbs. stcnd, and then 
it runs only to 28,000 lbs., sometliins? is likely to happcm. The value 
of the elastic limit should depend entirely on the allowable compres¬ 
sion in the concrete. 


MILL mSPEOTIOK AND TESTS 


Inspection and tests of concrete reinforcinir bars Hhould be made 
at the place of manufacture prior to shipment. 

Process of Manufacture.—Steel may bo made either by the open- 
hearth or Bessemer process. Bars should be rolled frtun billc4s. No 
material from old rails, scrap, etc., sliould be accc*pted. 

Chemical and Physical Properties.—The cluunicml and physical 
properties should conform to thc» limits fixed by the Associatiorj (»f 
American Steel Manufacturers (1910), which are as follows: 


Properties considered. 


btrs. 

Phosphorus, maximum ; 

Bessemer ...... .10 

Opendiearth .. .00 

tJUlmate tensile strength, lbs. p(T sq. In........ r»r»,00()»70,000 

Yield Toint, minimum, Ihs. per «q. in... lill.OOO 

1,400,000 

Elongation, per cent. In S»ln., minimum,. 

T. H.* 

Cold lamd without fraeture; 

Bars under %-in. in diameter or thlcknewi.,., iso® d. It. 
Bars %-In. In diameter or thickness and over,. IHO*' d, -It. 

Hard grade. 

Properties considered. 

Phosphorus, maximum ; 

Bessemer .... 

Open“hearth . 

tJltlmate tensile strength, lbs. |>er m. in... SO.OOO min 
Yield Point, minimum, lbs. per sq. in..., 

Elongation, per cent, in 8*ln., minimum.. 

Cold bend without fracture: 

Bars under %4n. In diam. or thickness. 180*'d, 

Bars %4n. tn dlam. or thick, and over • 

• T. B.tensile strength. 


Blriietural steel grade. 

BeformeS 
bars. 


‘ 

Plain Deformed 

bars. 

tmrs. 

.10 

.10 

.00 

.00 

80.000 min 

80.000 min 

no, 000 

fiO.OCX) 

l ,200,(K)0 

I.IMKhOOO 

T. H. " 

T.'«. 

. iao“d.^ m, 

iwrcL..:.4t. 

00'd. :\t. 



,10 

.(HI 

OfMKHhTO.OOO 

aa.ooo 

l, 2 r» 0 ,(HK) 

”t. h. " 

lH0*'d.-4t. 

lH0“d.:.,.:2t. 


Bold twisted 
barn, 

.10 

.00 

Hf*eon1ed only 
00,000 




1H0*'d.-2t 
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Allowable Variations.— If the ultimate strenji^th varies more than 
4,000 Ihs. li’om that desired, a retest should he made on the same 
Kaups whieli, to be aeeeptable, should be within 5,000 lbs. of the 
desiiHsl ultimaite. 

Chemical Determinations.— In order to d(‘terminc‘ if the materiail 
eonforms to the ehernieal limitations prescribed above, analysis should 
be nuuh‘ by the munufaeturer from a test ing'ot laktni at th(‘ time of 
the pourimr of <*aeh nudt or blow of steel, and a correct copy of 
such analysis should be furnished to th(‘ ena’ineer or his insp(‘ctor. 

Yield Point,’ For the purpose of thes(‘ reipiirtunents, the yield 
point shtmld bc‘ det(‘rmined by careful observation ot‘ the drop oi‘ the 
beam of the te^tim^ ttmchine, or by other e(iually accuratc‘ nudJiod. 

Form of Specimens (Deformed Bars).— -Tensile and bending!: test 
HpCHumens may bt' cut from the bars ns rolhnl, but tensile and bend¬ 
ing test specinuniH of defornuHl bars may be planed or turned for 
a lenirth cd’ at least h ith if deermal necessary by tlie manul'acturer 
in order to «detain uniform eross-section. 

Cold Twisted and Ixmding test spcadmens of cold 

twistf»d bars should be cut from the* bars after twisting, and should 
Im ttested full Hixe without further treatmetd, unl(‘ss (dherwLse desired. 

Hot Twisted Bars, - If it is desired that tiu‘ t(‘Hting and aecepiaiice 
for cold twiste<I bars be made upon the hot twisted bars !)erore being 
twisted, the hot rolled bars should meet the rcapurements of the 
itruetural grade for plain bars as mentioned above*. 

Nnmber of Testg.—At least one tensile and one bmuling lest should 
be maelt* from eacdi melt <d' open-lumrlh sttad rolh*d, and from each 
Idow or led (d‘ ten team ed* Be*Hse»rmn' stead rolled. In case* bars dilTer- 
ing %-in. ntid me»re in diameter or thiedine^ss are* rolled from one 
nudt tir blow, a test should he* made* from the thicke‘Hi and thinne^st 
material ndhaL Should either of the*se te‘Ht Hpe^eirnens de'veleip haws, 
or sliouh! the* temsih' tewt Hpeeimen hremk enitside of the middle third 
of its gauged length, it may Im (Iwesarded and anothen* te‘Hi specimen 
substituted tlierefor. In eaiKe a tensile te»sl Hpe‘cimen (Ioe‘H md. Tueel 
the reepiirememtH, an additicmal temt Hliould be maeleA. 

Binding Ttst.—The bending test may be made by pr<*sHure^ eir by 
light blows. 

Modifications in Elongations for TMn and TMck Material— -For 
bars less tluin 7/111 in. and more than *14 in. nominal diiirneler or 
tIdeknesM, the following moditieationH should be matle in the reipure- 
ments for elongation: 

(a) For increase of Vn in. in diameter or thiediness above % in. 
a ded«cti<»n of I shoiihl be made from tlie specified p<‘reen(age of 
tdongatiem. 

(b) For eiicdi decrease of 1/15 in, a deductioti of 1 should bo 
made from the specified percentage of idongation. 

(c) The above modificiiturns in elongation should not apply to 
cold-1 wisted bars. 

Nnmber of Twigte.—Fold-twisted bars should be twisted cold with 
ime complete twist in a length ecjual to not more than 12 times the 
thickness cd’ the bar. 



260 


INSPECTION OF STEEL HEINEOEiKMKXT 


Finish.— Material must he frcn* Troiu injuriouH seains. tlawn or 
cracks, and have a workmanlike linisli. 

Variation in Weight.— Bars for reinrorceisHml slumld he snhject 
to rejection if the actual wei.uiit of any lot varies uhhi' than o \Hn' 
cent over or uikUu' tlie theortdical weiuht of tliaf lot. 

Defective Material.— Material which, suhsec|uenl tu tlieaht»vi* tests 
at tile mills and its acceptanct* thert% di*vc»lops weak sputs, lirilllenesH, 
cracks or otiun* impindections, or is I'onnd to have injiirioiiH dfd’etis, 
should he immediat(dy rej<‘ct<‘d at the site of the work. 

FIELD INSPECTION AND TESTS 

The inspector should sc^e that the' steel reiiil'oreement olYered tor 
iis(* on the W(n*k is of tlu* chai*nctt‘r mid «irade specified, ihtlier l»y alii 
davits from the mak«n*s of tfie stt'cl, copies <»!’ the mili ivnin uf the 
material, or otherwise, as may h«* reijuired hy flit* tmidiieer. In easen 
wli(*r(» special conditions make inspectitm of reiiifurrim^ at the 

place* of manufacture impractic*ahh*, field t>r joh ttispeciioii nyi\ he 
Huhstituted, suhjeud, ho\vc*vc‘r, to the approvsd of the eiiifineer. In 
sucli cases, the foIlowinL** requirements shouhl In* met: 

Number of Physical Tests. Tc*st hy a coinpetent iiit^peeior ^4lioidd 
b(‘ made of each carload of reinforcdnir ninterijil used iii Ilit* work; 
at h*ast one satnple of each size cross-sect ion of the Viirioiis styles 
of n*inforcin|,^ material contaimai in eiicli ear sliotihi he siihjerled 
to one tc'nsile tc*st and to one hemlin^ 

Report of Teste.— A report of the fihovi* ti'sts slinwiiii.? the idu'^lic 
limit, ultimati* strength and elonptlion in eiiilif |H) iiieiit*’^ of eiieli 
Hpecinu*n should he snlnnitted to the fuif^lneer for his ii|ipriiuil. 

Deficient Material,-'-' If the r<‘sults of any of tiiese are 

deficietit, either the deficient rnaferial slnill hi* reji‘cted or flie fiiiiiiiiiif 
of reinforcc'numt, where sneh defieient is tised, Hliiill he tie. 

ereased in such proportion as to seetire n scethui tti wliidi tin* MlrcHHen 
induced shall not exeeed hy over t-en per cent ) the limit allow- 
ahh*. 

Tensile Test.—The steel slnnild he utihjeelfcl fii n teiwile tcKf iit 
some laboratory approvetl hy the eii^iiii'er, fiitil t^lnuilil iiieet the 
rt‘quirem(*nts given on page 2flB for Mill Test^, 

Fracture.— All broken test pieces of pfeel reiiifnrreiiieiit 
show a silky fracture of uni form ecdor. 

Bending Test,— "Tlie riiinforeetnetif slioidcl he wiihjeet to a lieiidiiii? 
lest, wdiieh may he easily rninle on the job, and im Kteel wliirii fiiiN to 
pass this bending test slnndd !»e used iitider any All 

bending slioiild of cchuw he done cold. For liiglM-iirluui fliiinl iinidid 
steel it is usually speeifUsl tliat the bar must heiid enhi iiriuiiitl it pin 
four times the diameter of the bar wiflioiit slmwiitg of di?4p-*»4n. 
Cloed cold twisted bars will easily lauid iirotiiid ii pin twice I lie iIimiii- 
eter of the bar. Three or four ilifiiiieferii are, liowever* inure rntm 
monly speeified. Hoft stock Hluuild fold lliit ii|tiiii Il»^eir 
showing signs of cracking or checking. 

The bending test is very imporfiiiit, its priicfintlly nil the hiifti iirit 
bent on the job. For additioniil hending tests, piip* 
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Net Area. The net aiu^a e{‘ (*r()ss~s(‘(*tion of (inislied slt^el rthn- 
1 orcMamait slieuld not lx* h*ss than hn {)(‘r eeiit oi* tlK‘ area shown in 
the appi-oved desiuii. 


Art. 22. Placing Steel Reinforcement 

<’on(*ret(* is weak in tcnision, i. e., a strain ttaidint** to pul! it apai't, 
hut it is stroujr in eoiupression, i. e., a sti’ain tc'iidin^ to erush it 
t(jiX(*t!x‘r. Stt*(‘l r(*inror<dti| 4 ; inatc'rial is pla<x‘d in various t'orins luair 
tin* tension sides of stmet ural nx‘udH*rs to resist the t(U\sional stresses. 
It may assist also in I’e^sistini!: tin* sh(*ar, tlu* diajU'onal tension, and 
oca'nsitmally the <Mmipi’f‘ssjon stn‘ss(‘s, as in doubly r(*inr()r(*ed Ix'ams; 
and it ‘^ives anlditioual eornprc*Hsive streni^ih wh(‘n used in eohurins. 

TYPBB or KEINrOEOEMENT 

Varieties. Tluu’e art* a ruunlxu’ of typ(‘s or styles of rtdnforeemtmi 
now <m tin* marked whieh may he elassilied as follows: (1) Plain bars 
eitlH*r mtxliurn or hurl» eni'hon (hard y'rade) st(‘el; (2) Plain bars de¬ 
formed or eold workt‘d to seenn* <!(‘formation. This cdassilie.alion 
ineludes e<dd twisted and hot twisted stpuirt^ bars; (2) Spetdal 
patented types of plain or d(*f(n’med patt'iited bars; (4) built up 
bars, Uienninix tiun-t'by eondjinatitm of various siz(*d m(‘ml)ers in order 
to utili/a* (lit* fpiantity of stet*! tti the ht'st advantage; (5) built up 
(unit) frames etnnpoHtxl of bars of varitius sizes, ^lyenerally used for 
beams, p^irders and etdumiis; (0) floor slab r(‘infoiTt*metii of shet't 
mefiil, sheared, puncdied or t‘.xf)anded in order to distribute the st(»el 
throimh (In* mass and delivt*i*t‘d in sheets; (7) eold woven wire 
similar (o ft*nein| 4 : material delivtu-t'd in rolls; (8) seeondary rtdnforcti- 
rnent iti tlie way of hotips or bands foi* eolumns, stirrups for beams, 
and Hpiieers for rods, all of whicdi ujay be madti of hoop iron or ht‘avy 
wire; (tl) steel eorner Imrs eonsislin^ of a round nose with a hi|^ 
baek into eonerete, used for eurbs, steps, eolumns, ete.; 
(10) stnuduriil steel shapes, sutdi as ani^l(*s, beams, ehannels, ete. 

**Loos0-Bar'' Method.-—In the ^Moose-lmr^^ method or system, as 
mnerally praetieetl, the reinforeement is designed out of sepaiaite 
/jirs or rtxls to be Hhippcal m individual pitwes i(» the job and there 
bent to the prtiper shape and wired to|retlu‘r in plaee in the forms. 
This system eompriseH remnd rods, stpiare and flat bars, and the 
varicnm piifeiited detonned bars. There arc* a numljer of promiti(‘nt 
sy«t«*ms of eofHtruetion tliat are built up of loose bars, tlie assembliuir 
beiiifi: dime In the field. With sc*parate bar rednforeement the enactor 
may either plac»t! the reinforeetmmt eompletc* in the* fonn of wire- 
tyiny^ the bars to eaeft other, to t<*mpornry braces or tc'mplates and to 
(In* fornw, or tie may insert the various piexx's of reinforeemc‘nt in 
the eonerete as the pourintr ad%mnces, dependin,ir on the surroutidinK 
eonerete tc* retain tliem where inscnlcxL (Icmerally a eornhinaliou of 
hot It metlmds is employed, 

Parlieular attention must be ^iven to loos(*-bar reinforeement 
to insure* that it is aeeiirately and propc*rIy support(*d in position, so 
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that all parts shall rcaaairi in inn* Halation iiinl aliijniiitail mil it lorktal 
in the setiini^: (‘oncr(*te. Tliis is easi(‘r said tliiui clone. to flie 

inability of inspectors and superintendents to be ever>where at one 
time, and very often to the ineapaeity of these men, rtdiiforeiiiir rods 
or bars are in many eases ineorn‘etly plaet*d or left oiil lilhe^ellier. 
It is not hard to understaiid what siieh oversi|;hts mean to the safety 
of the striieturo. Sneh device* or devic<*s must, therefore, tie used as 
will absolutely pr(‘vent the bars from approaeliinir the fornw beyond 
the limits specified for protection (see paire 2f»flK and at tin* siiiiie 
time maintain a uniform and accurate spacing? of the bars tltroindiont 
the lenirth of the members. 

If tlie inspector lias charge of work wlicm loose bars nre employed, 
he should insist on having the reinforcement stiieked in rucks with 
separate eompartments for the various sixes a« iiieiitioiied iii Art. 2th 
so as to keep each sixe separated from the c»ttiers, nnd to liiive the 
contractor place in position all the reinforcement for a certiiiii serlitin 
of the work before eonereting is performed. This will uive the iii- 
spc'ctor an opportunity to inspect a section of the work in its etitirely 
and not tnecemeal, as by the latter method, should t!i«» iiiMfieetor cull 
the contractor’s attention to bars not being in filitce, li«» U very iipl 
to be assured by the foreman that tlie harH will !«♦ in before niiv etiii- 
crete is ponrc‘d, and if, by cliance, the inspector wiw on iiiic»tiier part 
of tlie work when the concrute was ptiuriK!, lie wotilil be wl ii to 
know whether his instruetions were carried out. Ahti, It v«*ry fre- 
(|uently Iiappens tliat work is performed overt iiiie wlieii I lit* liH|iei*tiir 
may not have an opirortnnity to be on hand. The nittliur’s experieiicti 
has proven that the loose-bar iyitem of mlnfmnmmit. i-^ tlie iiiihI 
diflicult to superintend. 

* 'Assembled Unit” System.— Ins tend of placing tlie reiiiforrtutieiil 
piece by pi(*co as described above, it may be pliirei! it eiiiii|il«*te 
unit in the form before any concrete m iMiiireih In the iimeifilileil 
unit systems the reinforcement for eiudi member, eofii|iri*%iii|f ilii* iiiiiti- 
ber, size and location of the bars, m ciiruftilty itifsiitifiirliirrtl eitiii»r 
in a shop or on ground atijiicent to tli® building itiid piit into the ruriiifi 
as a unit. In some of the systomH tliest tiiiil friiitie^ lire iirtiiuiled 
with connections so that the adjacent reiiiforceiiieiit tiiiiy lie jniiieil 
flrmly together, thus pnividing the necessary coiitiiiitity of tlie 
ture. In other wonls, in addition to Itaviiig lliii liimiii itntl girder 
reinforcement tieti rigidly together, the coltiitiii liiitl ilnii relit force- 
mant is ti€»d to that in the befiiiw mid glrdeim, Iniviiit itli the 
roinforcemant In the building tiial togntlier. With iiiiit friiiite reiti- 
foreement the erector has nothing to do but to line fiiiil liivel up tlie 
frames in the forms, place such temporiiry br»i« m are tienleil to 
hohl them true, and make the end corinectioiiK with iiliiittiiig fmmm. 
Buch frames are usually provided with * ^chairs” fw*® piige 2tili| to 
hold the bottom bars up from the form io that little bracing or iioiie 
is required. 

Tlie use of unit frames will greiifly ffieilltite the uliieifig tif re- 
inforeing steel, for nunt of the fanteiiiiig tmietlier h doiie before 
insertion in the forms im mentioned iibov©, tliiiii roflncitig to a 
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inmni tlit* liaihilily oT wron.uiy placiiii;' tlia sl(‘ei. TIu* insp(M^ti<)n will 
also 1 h* y’i'(‘atly laailitatad. However, luosl of the ^'eiu^ral insliaie- 
(ions in this artiele a[)ply with t‘<|ual t'orre to either system oi’ 

reinforetaiamt, i. t‘., loose-har and unit Trame. 

GENERAIi KEQXJIKEMENTS 

T1h‘ proeessi's in d(dail of plaein^ iHunfoi'etunent are partieularized 
in tlH‘ several seetions that folhnv; they will dilTer Tor nearly every 
job. Here, therefore, numeral rules or instrueiiouH only will be given. 

Handling Eeinforcement.~All metal whieh has been bent or 
oth<‘rwiH(» injured in handling or in transit should be earefully re- 
pairml before being used, Reinforeing bars must be straight and 
fret* from Haws in any degree ealeulated to impair their strength. 

Replacing Broken Bars.— HIavuld any bai* be broken it must bo 
laid aside and another bar of the same length and cross-section pro¬ 
cured witliout delay. 

Cleanliness of Steel. Idu* steel rt*inforcoment, before being placed 
in forms, slnndd be thoroughly cleaned from looses sealy rust, dirt, 
oil, paint, tu* coating that may he detrimental to the positive adhesion 
(»f the ctmerete tt> tlie steel, and eare should be taken to keep it in 
this condition and thoroughly prott*c(ed from imdsture until the con¬ 
crete is placi*d. A thin film of rust, which facilitates the formitig of 
a lianl film or a ctmt of ferro-calcitc*, and increases the adhesion of 
tin* concrete, should not cause the rejection of a bar, but any bar 
on whicii rust scales have begun to form should he immediately 
rejected, unless such scaleH are tluu'onghly removed with wire brushes 
or l>y other means. The reduced section of badly rusted steel thus 
cliiaiH*d should receive eonsideration. 

Hiuicretc which has lodgetl ou the steel roinforcemeni and hardened 
during the previons work should be entirely removed bc*fore the rein¬ 
forcement is flniiUy concreted in. 

Fainting or Oiling Bars.—No steel r<»inforcement sliould be painted 
or oiled, as eitlier will lessen the adhesion of the concrete. (Irease 
or foreign matter of any kind should never come in contact with tlie 
stceL 

Home s|M!cificiitions retfuire that the steal reinforcement be dipped 
in II hath of cement grout beftme bc*ing installed in the forms, but 
by ciireftil Wfinipulation during the placing of the concrete, this 
extra liaiidlirig and eewt m unnecawsary and should be done away with. 
Till! coafing of steel with grout to preserve it from rust is a doubtful 
expedient, Tlie thin layer of cement <lies out and does not set 
properly. It may not bond witli the cement of the concrete. It is 
better to lifive the fresh etincrete come in contact wdth the steel, A 
more liitimiife union Is cfTecied. The ends of bars which an^ left 
protruding for splicing may be, if they are likely not to be connt*cted 
up for Home time, painted with cement grout to diminish rusting, 
which slniiild afterwards be scraped of? befon* connections are made. 

Methods of Oleaaing Reinforcement.—All heavy rust and mill 
settli^s mmy lie removed from the reinforcing nu*tal by hammering, 
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steel serapors or br\islies» piekliu^* in u weak st>ftitiou t»! Iiytlr(ieli!<trie 
arid, or hy some otlu'r e(jiuilly ellieieiit meium of elt^jtiiiin: flit' iiieta!» 
before^ being* eoven-ed by the eoner(*te. 

Use of Pickling Batk,- -Rusty or dirty steel, if permittetl Ijy tlu* 
spe^eitieationh, may be elc‘aned l)y piekling in ii bath of 1 

part, eornmereial sulphurie tudd to or b parts of water, or t»flier 
proportions, depending upon the amount of rust on the burn, liars 
must be washed thoroughly in elcain water after the Imtli mid lie fori* 
placing in the eonerete. In other words, wliere the liiirs are piekled 
in acid they shonld be thoroughly wuhIuhI afterwards ho m to reimive 
the acid beton' depositing tlie eonerete. Any retiiiiiiiiiiif tiiiees nf 
aeid may bo detected liy tasting the water left on the siirfiiee of the 
bars. 

Cleaning Forms.—- No steal sheudd be pliieed iitifil tiii* fornix Imvi' 
b(*en thorongidy ebnined and inspected. Foniw mml he eli^iified of 
all dirt and shavings and care inusi bo taken to prenuit new ihit nnd 
shavings from coming into tlie fornm. (See Art. I 

Assembling Reinforcement.— The steel rtdiifore Hteuif sliotilil tie 
assembled that the exact number, size, ftinm spiteiiig mid ineiilioii 
of bars, stirrups, ties, spaccu’s, etc., cidled for by the lUigiiirer’s pbiiH 
is lulharad to in every rnember. Hlumhl any fliscrepjiiiey be iiot«^t| in 
regard to the reinftircerncmt of similar iiiemberH, it siioiilii bi^ liifiiiglii 
to the imnuMliata attention of the engineer in eliiirge of lint work. 

Oareleasness in Placing Reinforcement--The design of » riuirreii^ 
structure contemplatcH the placing of the steel reiiifoiTeiiieiit tii 
exactly the position sliown by tlie pliinn iiml nf tbo 

various memlau’s. The careful placitig of bfirs in oiii* of the iiiiwi 
important features of reinforced concrete mmntnwthm, iiini «iie 
which is too often m‘glectc<l becauHi^ of tlic expeiwc of diiiiig it rinlit 
The greatest element of danger cxwIh in llie niiHpliiciiii? of reiii 
forcement, leaving it tuit of the forma idfogetlier, or in pliiciiig it hii 
carclcKHly as not to have it near flic pewit ion iipoii mdiirli flic eiilciilfi- 
tions were based. Farelcssniwa frct|tteiitly mhtM in tiol |iriifieiiy 
lapping the steel reinforcement at junctioini. 

It is the inspector's duty to insist iifJon Ilic Iwdiit 

accurately placed, and any carcliwsiiiMH oii flir finri of the ciiiiiritrlur 
in tins slicudd be snfllcicnt grcnniils for flic ciigineer to rei|iiire ibt 
removal of the work, and tfic rcpliieing of It rorreefIv. Iliifiliiizjitfi 
and slovenly methods of placing steel reiiiftircenietif are 
and must give way to more scicntitic cotiilltiotp. Tin* 
of the reinforcement, idtber by accidetit tir flcMigii in fiirilitiite I lie 
placing of the concrete, may canne the fiilliirc of the hI met tire, 

Resnltg of Inaccuracy in Placinf Rtinforcimtal..Hiccl ridiif«irr«* 

rnent must be set accurately in place In accnriliificc iviili tlic ilctiiilf^ii 
drawings for tliat purpose. A great irtitiiy worktiicfi iitiitlilc li» 

appreciate the importance of exact, not appriixiiiiiitin filiircfiiitiit of 
the steel. Results of not taking pio|a*r preciiiilitifw to tin* 

exactj not approximate, poaition of the Hteei in the Htriniiire, 

are: 

f1) Congestion of barai in biificlicfi, not idloirii'ig |iro|i««r iiifiiiiiiil 
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of concrete to encase each bar; crowding of a bar or bars to one side 
of the form, resulting in slight or no protection to the steel and 
insufficient bond. 

(2) Position of one or more bars either too low or high, in the 
one case giving insufficient protection and bond, and in the other 
reducing the efficiency of the steel itself (see pages 277 and 280), since 
the closer to the neutral axis the bars may lie, the less they come into 
action. Designers are usually quite conservative in their allowance 
for protection of steel by fireproofing concrete below it, and the con¬ 
tractor better err on the safe side and take advantage of this allow¬ 
ance rather than to keep above same. 

(3) Uneven bedding so that while one end may be all right the 
other may be far too high. 

(4) Bars too far one way, falling short of one support and 
overlapping the other an unnecessary amount. 

(5) Mistakes in amonnt and size of steel, as called for by the 
design, attended by even more serious results—unless steel is posi¬ 
tioned before attempting to concrete it cannot be cheeked either in 
amount, correctness of sizes, or position. 

Number of Bars. —The inspector should see that the exact number 
of bars, stiri’ups, ties, etc., called for by the engineer’s plans, goes 
intp every member. In other words, the amount of the reinforcing, 
that is, the number of bars used, should be frequently cheeked to 
see that the plans are followed. In a section having 50 bars, it is 
very easy for the contractor to leave out half a dozen. 

Sizes of Bars. —The inspector should see that the sizes of bars 
used in any member correspond exactly to the engineer’s plans. The 
wrong reinforcement may be used. It is an easy matter to make an 
error of Ys in. in the selection of bars. This may mean a decrease 
of 25 to 50 per cent in strength. When made-up frames are used 
error is equally liable in their selection. 

Form of Bars. —The form of each bar should be the exact form 
called for by the engineer’s plans. Deformed bars should have a 
deformed cross-section, that is, the various cross-sections should be of 
different shape or their centers should not lie in the same axis. 

Spacing of Bars. —The bars making up the reinforcement of any 
member should be spaced exactly as shown by the engineer’s plans. 
The spacing should be carefully followed by the inspector. In other 
words, bars must be spaced the proper distance apart and away from 
the face of the form work and must be securely held in that position 
so as not to be disturbed by the placing of concrete. 

The clear spacing between parallel reinforcement in beams and 
girders should not be less than ins. No reinforcing bars should 
be closer together than 2% diameters, center to center. 

In spacing the bars, in slabs or columns, templates should be used 
to make certain that all connections will fit accurately. 

Bearing at Ends of Bars. —Care must be taken to see that all bars 
have a sufficient bearing at ends or over supports. Failure to do this 
frequently results in difficulty and trouble. 

Embedment of Reinforcement. —Steel reinforcement should be em- 
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bedded to a depth of at least 1 in. fnati any iiidr-i.H iitlierwise 

shown on the detailed drawinirs or stated in the speeifieutt hire 
must be taken to keep all bars at suc*h distant* as the eii^^riiirer directs 
from the nearest exposed faet\ 

Thickness of Concrete Covering.—Tlie niiniimint exponnl eoncrete 
covering of all faces for steel reinforeenieiit nstal in Imtldin'.^ enli¬ 
st met ion is generally as follows: % in. for slabs; | in. for benniH 
and girders; eolnmns and walls* iind 2 iin lor foiiiidiilintis. 

Placing Eeinforcement in Proper Position.—^Thi' iimst iiitiierntive 
duty of the inspector is to see that no detail of the eiiudii**erilesii^n 
of reinforcement is varied from in placing the rriiifiireeiii**iit In the 
structure. The contractor must be ria|uire«! to folluw ^itv i‘liisi*ly 
the plans or the instructions of the engiin^rr in tln^ filiiidiig of lint 
reinforcing material, both as to size, spnciiig iiiid pliieiiiif relfilividy 
to the surfacc‘H; and where no measureiiieiit^ lire givcii mi liic ilriiw- 
ings the contractor must be recfuired In follow the ttisfriirlioit^ gi’^en 
by the engineer. The steel reinforcement iiiiHf be |ilaeeil tln^ |irfi|>in' 
distance from the bottom and sides of the foriiH iiini in tln^ 
rtHjuired in the finislied structure, and eiicli |iieee or niiuiilirr llrinly 
fixed as to positively prevent any sidimaiiieiit ilispinrenirtif wiieii 
conerete is being |K)ured. 

Heavy reinforc4»ment should be pliiciMl mdtliiti the fnriiis liefore tin? 
form tie»»rods are placed, as these iie»roib fr«|iieiitly iiiteiiVie mil It 
the placing of heavy reinforcemiint. 

It is absolutely essential that the steel he filitei’tl in |irii|ii’r 
so that the line and level of all burs iiml of llie ridiifnrmiiriii mn a 
whole are accurate. If cut her the iiiiniher, mm* nr »|iiiriiig of the 
rainforecniints is varied from, the strcfiglli of the rniirrrle iioniifier 
will not he what it was designed to he atnl iisjiiry In uilier 

words, the inspector shall insist lliitl the rtdiifiireiiiii Mferl lie iirMiiriiy 
positioned as calletl for by the design, itiid ^tiitithly neriin^il iiini nire* 
fully clieeked before attempting to |Kiiir ertnerele. In tto mim* 
a greater variation in heiglit than % in, he iilhnrwl, iir in oilier 
eions of over % in. No steel niipt iipfienr iin tlie Kiiifiire ol* tin? ivtnk, 

The proper remforcement of the itieifilierM of ilin lstg!i»t im¬ 
portance and nothing can he |i«riiiitt4^1 to interfere with it. 

Metal clip or cement hlocka slicitild Im fur hrrpiiif the 
bars the proper distance away from imcli otiier t>r frmii llir fitrit iif 
tlie form. The ordinary way » to haw n liibiri^r riti^e llii^ liisrii ruiiti 
the forms with his ihovel-hliide or a liotik iiiittiii for tlie liiif 

such methods rarely result In mtmtmtmf work, tm tlien^ in in# utilise 
to determine the final imsition of the Imri iiiitl if tlir coiinrli* 
under them in too large a <|«iintity tlieir elliciefipy ivili Iti* 

Spacing ^^Chairs. **—»Bpiietng *^cliitlr»** iiinl rlifw for l«ir ridfi- 
forcement should he made tif n hcfivy welglit iiiid a nnml tif 

sheet steel. They should ha%’e ample iifaiirfit crii-ililfif liown 

under such loiitls m are likely to route on tin* , Tlic 

bottom edgcp of the chair should he to fiiriti fliit feet jifiil pre¬ 
vent cutting into the form hourds mlicii iwcd to »iii|i|iiiri limo' re¬ 
inforcement. For wall and coliiniii reitifiirceiiiciit, llir iiemliiiK of 
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bottom edge of the chair to form feet may be omitted, and for spiral 
hooping the slots for the spiral rods may be cut to pitch so that the 
chairs set straight with the vertical bars. The chief objection to 
metal spacers and separators is that they form a straight joint in the 
hreprooting and also conduct heat to the bars. (See page 274.) 

Support of Metal Separators. —All metal separators used to keep 
the reinforcement at the right distance from the forms should rest 
on a piece of galvanized iron or else a rust spot will show on the 
under surface. 

Supply of Supports.— Enough supports should be furnished to 
prevent sagging of the reinforcement. 

Wooden Blocks. —^Wooden blocks should not be used unless abso¬ 
lutely necessary for the reason that, remaining in the concrete as 
they are liable to do, a weak spot will be developed. 

Bending Steel Bars. —All reinforcing bars must be bent before 
they are placed in position. Work should be so arranged that all 
bars of the same size and shape will be bent at the same time. This 
will avoid remeasuring, resetting of templates, etc. The bending of 
all bars should be done in such a manner that they will not break or 
crack at the end. The bending force should be applied gradually 
and not with a jerk. In other words, bending must be done with 
great care, so that no appreciable strength is lost thereby, being 
done with large radii in the curves so that no injury results. While 
the difficulties incidental to bending heavy steel bars to sharp corners 
usually prevent such practice, it is different with the U-bars used 
for stirrups and other light steel, and many half broken bars of the 
lighter sections have without doubt found their way into important 
work. 

Bending must be done with absolute accuracy in accordance with 
the dimensions and forms shown on the detail sheets for the various 
portions of the structure. The bends should be accurate in line and 
plane. ^ 

Reinforcing bars can usually be bent cold, but for sizes 1% inl¬ 
and upwax’d some makes of bars require heating; this can be done by 
laying the bars side by side on the ground and arranging sticks and 
shavings on top of them in a strip 18 in. to 2 ft. wide across the 
portion where the bend is to be. If the bars are heated and black¬ 
smith work is done, care must be exercised that the steel is not 
burned in the operation, otherwise it should be condemned. Warm¬ 
ing up to a low cherry red should be the highest heat permitted. In 
other words, only moderate heating should be allowed, which in most 
eases is all that is required. All ordinary bending, however, should 
preferably be done cold. It is very important, especially in bending 
large bars, that the bending force be applied gradually and evenly 
and not with a jerk. 

All bends and angles should be carefully examined for cracks 
before placing the bars in position. Cracked bars must be replaced. 
When any bars are broken they must be replaced. 

Bar Benders. —Several devices are on the market which facilitate 
the bending and shaping of reinforcing bars. Bending machines 
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should be re(|uire(l to bend any kind <d* a steel bur u|> to P | in. in 
diameter to atiy anj^'le retiuired. 

A simple east iron blot»k tor liendinji: bars niiiy In* iiinde al' a 
bloek of metal with a lon.uitudinal ^rro<ne eat in if. The bloek is 
attached ri^^idly in a horizontal positicm to a \uirk boiieh, the bar 
to be bent is dropped in tlie slot, a piece <»r f‘?ctrii liea\y pipe is then 
slipped over tlie end ot the bar, and a couple of men ran bmid it 
to the recpiired an.irle. A bendinj^' bloek ma\ abo ht^ miide id’ an iron 
plate with two aniitleH rivtdcnl lt» it luick t<» baek to form a siof. Stir 
nips when bent by hand may be bent on such ii pliiti% Hie ambles, of 
course, l)ein^ small and only far enough apart to admit of the sizi* 
used for stirrups. 

Splicing or Lappbag of Bars,— WIteii the reiiiftirtdng burs re^ 
(piirod are very long the individual barn miwt be spliced, Tln^ lap 
should be great enough to develop ti»e slriimtli of tlie hterl, or iit 
least 40 diameters. (Antractow are wont to ignore tliin prtn SHion itf 
the speeitications and nalnee the lap to iilioiil 2t^ dtiiiiielerH, ihii^ 
elTecting a saving in stead. The splicdng «»f burs slioiihl be ilmie 
(‘xactly according to tlie enginc*erV plans. Xu npliees miinfeier mIiuhIiI 
be permitttMl excc'pt at points slaovn on pliiiis. Viirioii.:H futuv-, uf 
splices are in use and if not detinifely in^tnicteil by the fibiiiH and 
speeitications the inspector shoult! leant friuii the etigiiieer wliiil fmiii 
or forms will be acceptable (sue Fig. 20)* 

Where extra splice hum are called fofi cure itiiwt lie iisotl to see 
that tlH*y are not omitted. 

The lengtli of lap reijuiriHl for splltdng tif reiiiforcing Iwich in 
tension should be determined on the hmm of the siifi- Iniinl MtresH 
and the stn‘SH in the* liar at the jHdnt of splice; or ii eoiitieriiuii ^diutilil 
be made between the bars of sidllcieiit streiigtii to riirr\ I lie 
8pIic(‘H at point of maximum stress sliotild !«♦ iivuitlefi. 

Header s.”'-4n all work built lielween foriiit 4 , iit whirfi the iioti/oii 
tal bars run farther than th# lengths of Hie fiiriiis fur that iniVtirtibir 
section of work, the headers against wliicii work In* per 

forated at the proper places and the bars sliiitilii |trojcii flimiiijli tlie 
same for a minimum distance eifiiiil to flie Iciist lap iilltiiugl fur tlir 
size of the bar, and all t»f ditTerent leiigtiw, m..i liiiit iii nti |iliire will 
laps occur nearer to eacli other tliiui 2 ft, in iitljciiiiiitg liitw in lin^ 
same plane. (See page 2B(b) 

Welding of Bars.— No welding of reitiforceiiieisf eiccfit In coliiiiiii 

hoops should be permitted without speciiil fmiii tin* eiigi 

neer. Welding should, however, be avoldeil if fnimnliilr, iiini k per 
missihle at sncli points only \?!iere the ratliei lii»lgiilfirfiist. 

Protruding Ends of Bats.— Tlie ends of barn ivliirit lire left |irii 
truding for splicing should be, if tliey itre likely not In b** 
up for some little time, painted with ceiiiertf fiiiiiit fu tml 

ing and guard against being bent or loommeii. Tliriiiiiilioitf tlie wink 
care must be exercised to prevent dwttirbiiig liiirp. uf miiidi 

are embedded in fresh concrete, otlii*rwwe the iidlie^iuii between fbi* 
bar and tlie concrete will be broken. 

Fastening Reinforcement—All reinforcetiieiit tiiitnilii be ftecitriily 
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fastened to preserve spneiii;:i\ loealion, ali^’nineiil, etc. Where a vvei 
gravel eoiierele is ust‘(i, the utHul of st'eure j'astening- for ilie bars is 
partieularly ‘Treat. Sueh a eoneiH'te Hows easily and if bars are 
nuMH‘ly laid in phu'e they will lx* sw(*pi aside as ihou^ii ilu'y were 
ehips. In (dlu'r words, the reinrorcdn^' inaU'rial should be so sup¬ 
port e<l <lurin.u’ eonstruetion as Lo insure that it will oe.eupy Us (h*- 
si.u’iied position in the eonipl(*ted strueture. Braces, blocks, suspend¬ 
ers, spac(‘rs, ti(*s, (*t.c,, should be used in ample number to malvc c(‘r- 
iain of this Tt'eture. All t(‘mpoi’ary fast(‘iiin^r’s should be rc‘mov(‘d 
as fast as the concretiipLT reaclH*s them, in order to prevent any uu- 
siyhlly, dan,u’erous or deteriorating^ matter remainintr in the con<'r(‘te. 
Wher(*v(u* pra<‘tieable all tlu* reinrorcem(*ut should la* pul in place 
in the forniH and secur(*Iy fastened in corr(‘ct. positions i)y wiring or 
otht*rwis(* b{‘ft)re the plaein.ir of the concr(‘t(* is b(\e:un. 

All wirinjjr, straps, braces and templates laxiuired for the ])roper 
holdin.iT of the reitifoi’cement in pbuu* should be furnished by the 
contractor in a tnanm*!* (‘iitirely satislactory to the ena:in(*er. 

Wiring Reinforcement, Tlu* wirinir of reinforcement at intt'rsec- 
tions shouhl be done carefully and strongly, usinir No. 10 or No. IH 
Ib & S. soft black wire, such as stoves pipe wire. Heinforcin|>f 

bars should be* witaul top*ther at lajis and intersections, wh(‘re direct<*(L 
The wire shendd l)e cut into leng'tlm of about H in. and preferably two 
piee'cs usf'd at intersections. 

Tagging Reinforcing Bars.— When the bars arc cut and luuil to 
prop(‘r shape, each itidiviclual bar in ev(*ry Ix'am and a’it'der, or group 
of bars in etdurnns, slabs, walls, toolings, (‘Ic., shouhl be ta.gg(‘<l witli 
a cloth tag ntul wir(*d s<*cun‘ly to tlu* bars {for beams and gird(*rs), 
or <*aeh bundle* of bars, and mark(ul with tlu* prop(*r mimb(‘r of the 
structural member, aud the tags should be left on after the bars are 
piae(‘d in proper positicm in the bu-ms. The engine(*r or his inHtx‘etor 
should eiin'fully <‘xamine the bars after tlu*y have bec*u plaee<l, per- 
Hoimlly remove the tags, after which the coner(*te may he plac(‘d. 

Placing Concrete. The contractor should be re((uirc*d to lake the 
greatest care in the t‘rc»etion of the reinforc(*nu*nt, kcH*ping a constant 
eye* (HI it at tlu* poitd wlu*re the cojicr^de is b(*ing placed, lo nvts that 
all tlu* bars are in the proper location, (’onen'te should not he 
depcwif(*t! hi any portiem of the work until all the reinfore(*m(*nt for 
that section (»f work is in posititm and has l)een elu‘cked over to H(*e 
tliat it agrec*s with the drawings. It is cheaper to d<*lay tlu* work 
tlian to cut out work already done. Hec! that the bars art* clean when 
instalh*d in place, ri*ady ft»r concrete*. Care must be taken not to 
knt»ck tlie Imrs out of p<»sition while eonereting. In this conn<*clton, 
see Art. 2*5. 

The •«teel work must be kept suHlciently abeatl of the eoner(*te 
work f<» u'tvt* ample limt* for hisptxditm. In fact, all situ*! must he 
placed iilieat! of the eonerete exe{*pt whc*re ins! met ions ar<* givi*u to 
the contrary (iti very f*xceptitmal castes only). In such cases, iiic 
burs nuHt be put in at the pefmt deHigtuit(*<l by the engiue<‘r on his 
drawingH, and tlu*y must he bedded solidly in the concrete, aud all 
purls <»f the bar must have eoutaet and atllu*sion with the concrete. 
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No eonerete mmi be plaeed until the iuspeetnr Iuih HutisfliHl him¬ 
self, by personal inspeetiorp that the sizes ami nmounf «)f rthubirfe- 
ment for tnieh nunnlxo’ desi^nattMl upcm tiie drawings is plaeod in 
position correctly. This inspection must lie minkt imnuxlinfely befiU'c 
the eonerc'te is plaeed. 

Protection of Beinforcement.— Artc»r plaeinir sttnd rt^infcnTimimii 
in position, it eonertdini^ be interniptetl for any cotisidi'ritbie hm^tli 
of time, tlie st(‘el should be protected uith cntuaH or lairisl fuiper iir 
other satisfactory eovei‘in|yr. Kmls of mtUid timt are to he left pri» 
jocdin^ for a etmsidernlde tinu‘ should he painted a lietuy eoiit of m»iit 
cement vvasii or ^*rout to proteet tiuuu from eoroisifUK 

COLUMN BEINFOECEMBNT 

Assembling Stayed Column Beinforcement..■ All reinforcing har« 

for eolumns should bo aHseiuhlml tc^getlier before ladfig pliieeil in ilio 
forms. Stays should he securely tieti to eaeli of the iipriglil bars. 
No free cmds of stays slundd be Ixmt out of line i»f tiie and tlie 

stays should bo tight and regularly spaced. All wtiiys slimiid prefer¬ 
ably hav(» both ends turned and cdinelied iirmiiid flit' \erfieiil Hfeel. 
Wire ti(‘s or stays holding the vertical haw slioulil be liiiit, iiiiil i^lioiild 
always fit exactly. Figure 18 slu»w« correct iiinl iiii'oriwt m*iiy iif 
fastening tic‘H or stays. The vertletil spiiidiig of the j^tiiyi^ ^lioiihl he 
6xaet and according to tlie engineer’s phiiis. This spiiciiig is gciicr- 
ally 12 in. on centers for fl-in. stays. Wire tics or stays iiiirtft tie 
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fastened together as shown on dritwings. Stay^ for roliitiiiti iiiiiy 
be welded to devilop the full strcngtii of the sccliiui. 

Hooped Ooluam EiMorcemeEt“-^''4¥liiltf tlmre are sevcntl typm of 
reinforced concrete eonitructioiit iilinoil tliii tuily mi 

tho nifirket are those for hooped coltiiiitip, tliii ntlier ty|ii» of 

column rtdnforcement (stayed columns ii« tlencriliixl ntmvel tire iin-* 
sembled in tlie field from loo^^e burs. Tim iiiiitii fMiliits uf liiifcrpiicit 
in hooped column reinforcdmimt are the metliwli of ftt»teiiiiig f»if Ftg, 
19). Til© hoops may he arriingci! iiiflicr its ii spiml or tm fifiiiitlfir 
rings, and the hooping material may be cither lliit liiiiifi refect nr wireg. 
The hooped columns of Imlividufil HftMil Itocifw arc lifiriiiiiifiilly 8|iarcil 
upon vertical spacing rnembew at rcgttlitr ilisliittrcM, iHiinih tivii or 
three inchcH. For smtdl-KiEc Imoping the spitcing vcrlinilfi generally 
consist of fiat steel strips witli projccihiiw iirniiigcii In cliticii tmlit lop 
and bottom of each bund, thiw cotiititiiliitg a »ct*iirc iiiid rigitl fusion- 
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iniir. For heavy hoopiau tlie spaeitig* veriieals may be of structural 
steel puneluul fur staph* Tastiuiin^s. The l()ni»;itu(linal n^inforeeHu^nt 
may be part of the hoopinu' unit or separate bars may be iuserl(‘d. 

The hooping may eonsisi of varying’ siz('s ot‘ wire ran};>'inj;>: from 
y,i up to ‘}h an in<*h, coiled in tin* form of a helix, spaec'd fi'om 1. 
in. to 3 in., and in ItMi^lhs as re()nin‘d. The si)acin^’ bar is gener¬ 
ally provide<l with a prcghaddug rib, 
which is slu‘art‘d i‘roni tin* main section P | 

to form pngecting tins. Tlie spjicing of | | 

th(*se (ins ctuTesponds to the rc*(iuired |.-J 

pitch td’ the spirals and when bent laJi 

around tiie spacing bars, si)aces and W|[|r 

holds the spiral in exact position. Wire pll!| 

ho(»ping is I'olled at the h1h»ps io various S_I 

diatneters, and the proptu* number of v rtical \ ^ 
coils in a conliiuious piece can be sup- fnbbars’ ^ 

plied when the pitch and story-heights I--1 

are known. i I 

Fabricating Column Spirals.—Kpiral orsTAyeo '"“""“I [I J 

reinforctunent for cidumns should piader- __j 

ably la* shop tabricated on machinc‘B |1 

designcul espeeiidly r»»r that purpose. In 

making spirals two proc(*SH(*s are in- L™«.J 

volved: First, lauiding tin* steel, vvhieh --1^ 1 

is usually in tin* form of win*, to the toqether t"| . 

recpiired diiune!t*r; seccmd, spacing the 

coils to the rtaptired pitch, ami fastening . ||H| 

them HO rigiilly to small longitudinal 

spacing bars that this pitch will not Ins wire 

disinrlHul in lintHiling. Tin* first proc(»sH Rib bars *-f|'‘|3 

is nccompiiHlied more ei'onornieally by 
machine, tlie second usually by luunl. DETAIL f^SI 

For rubricating spiriilH on the job, a of hooped 

simple woodt*!! reel may be employed, tlni COLUMN ^ 

reijuisitcH td’ this reel being that it pitch 

Hinndd t»e rigid, adjustiibie for difTerent 
diameters, ami eolliipsible to allow the Bct 

finislied Hpiriil to eiwily slipped off. 

Particular care should be taken m form- 

ing tin* spiriiln for eolunnm ami in prop- Miif• 

erly fasteiiiiiir tliem to tin* longitmlinal 

spaeing bars so that the pitch of the KbHri trutstd oarsi«|cwtifiq 

spiriil will b« tniiiiitainea. l?.;inforccmont. 

Hcie tliid the fbw on the Hpiicmg bars are 

eartifully bent around tlm wire spirfd, tlius holding it rigidly in posi¬ 
tion. Hplrak should be bent to a true curve. No splices should be 
allowed ill the spirals, except at fkam levels. 

HornetImes spirnlly wound flat bund hooping is used. Staples an* 
erini|MHl into the grooves on one side of each spaeing bar (which 
generally serves ns the vorticfai reinforcement for the column), in- 
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Fig. 10. 

Hooped Coltuaa Hcinforccment. 
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Blead of fins as inontioiUHl a!)ove, at proper intersals. The neeeNsai; 
nuinlxT ()1‘ reinroreinu’ bai's are assi*uil)ItHl i»n a eiretilnr lonii* uiih 
the stapled si(h‘s outward; ilie hooping is tinai uound artutiHl iIhuiu 
BO iliai it pe“*N‘s between tlie outwardly projt'efiiu; leys of Nfapla; 
these are ihs-n btuit down so as to elosely euelos** the lioopiny aiul 
hold it rii>:idly in position. The reinforeeineut of the eolujiiu in thus 
assembled as a unit; th(‘ form made for assembliiiir i.n made to eo! 
lapse, and the ass(‘ml)led reinforeemetd taken otT am! set up in 
position. 

Assembling Spiral Eeinforcement.—A fter the spirnl lioopiuy hiiM 
been properly fabriealed as d<*HerilH‘d above c»r has heeii slio|i faliri- 
Cided, the lonj^dtudinal reinforeimr bars should be plaeed insiilr fhi* 
('on* and wired to the sluhl at four tu* more ptiints, so tliat the two nets 
of 1 ‘eiuforeement foian a stronir ncdwork. In other worfls. the eoliiiiui 
bars should be ri) 4 :i<lly wircnl to the eidls at fretfueiit iiitei%o iliiii 
they retain their dt'sired spaeinir in handling iiml roiieridiiii;. The 
etdire rcdnforeement for tin* eolunm is then pliteial as a tiidl in the 
work. After placdni^: tin* eolunm spiraLs and prc»perl\ tuny fho 
loniL^itiulinal l)ars into tludr prop<n* positions, no more reiiifoieoiiitmt 
should he ereeted until tiie eolunm forum have been filled willi eoir^- 
erete (see pai^e ddd). 

Spacing Oolnmn Bars.— '"Templates sfnmld lie used iit liiitiiiin mul 
top of eoliimn to insure aeeurate npaein^ of liiirs, Tlii.?^ in uvwmnry 
to insure tliat the bars (d’ HueeeHnive ecdmiuw will III wheii ‘ifilired, 
Wliere bars are bcmt at (op ttJ form eonneetioiw \utli enliuiiii alime. 
another template sliould he used to lie sure timl the eoiiiii*iiiitiis wili 
tit. 

Splicing Oolnmn Bars.— Spliees are the erilteii! piirtM of niliiiiiii 
reinforecnneut and should he watehed with eitre, t*oltiiiiii Itin-i limy lie 
splieed as follows: 

(a) In a Imtt joint the ends shonld la^ sifiiitre, the itiii 

forrUi and the joint held tti line liy sleeves of spliee IiiiI'm, 

(b) If lap joints are allowed, the wire 
etc., should be made taut and secure. 

Large bars sliould he properly Imtt eel iitiil ^|illeeii, Siiuill Iiiiri4 
may be lap jointed. Various styles of cttluniii i4piiec?4 ure Hliowii by 
Fig. 20. 

Bntt Joints for Oolnmn Bars.— Foltniiii Intrii ulutiiiii imvr fuii 
feet bearing at each joint, and such joints liliotiiil iimir iit or 

other points of Intend supiMirt iiiid a tiK'lit lltfliiic |ti|*e «#iei^ir nr 
wired splice bars sliould be provided iit nil Joitiis of eoiiitiiii lifir-n. 
A good way of splieing cidumn haw is to mm mi rvirii ^plirr Imr 
wired to both the upper and hover bars, lioldiiii*’ flieni ilin^rliy in line 
an<I in eontact wdtli each other. If extrii Mpltee liiirti iite for 

they should never lie omitted. C'olimin liiir« mdilcli do tiol fuii miirlli 
under those of the story above wliould be fieiifwi find riirefiilii lii’-iif 
before being hoofaul or stayial togellier, mt m to be |i»»rfrri|y ki line 
vertieally. 

Lap Joints for Oolnmn Bars.-.laiwer colitniii be car 

ried into tlie upper colwrari siiflleiently develofi flic fitil 
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of the upper bars and should be wired to the latter with No. 10 wire 
hoops having 1 in. pitcdi. 

Structural Shapes.—Where structural shapes of more than 2 in. 
width are used, they should be wired (hooped) with No. 10 annealed 
wire, 2 in. pitch. 

Bearing Plates.—At foundations, steel bearing plates should be 
provided for large bars or structural shapes. No reinforcement should 
be put into the column forms until the bearing plates at the bottom 
are properly grouted in place. These plates are generally placed 
about % in, below the top of footings. 

Placing Column Reinforcement.—When the reinforcement is built 
up inside the form one .ide is left open for the work; ordinarily the 



column reinforcement will be fabricated into unit frames as described 
above, then an opening in the form at the bottom to permit splicing 
will suffice. The reinforcing frame for the column should be placed 
plumb, concentric with that of the column below, and braced in two 
directions. No part of the steel should touch the walls of the form 
and the space between the steel and the form should be uniform. 
The vertical steel should be uniformly ly^ in. to 2 in. from the forms. 
Column bars should be held in a sufficiently rigid manner to maintain 
their accurate positions. Bars in columns are easily miss-set, with 
disastrous results. Owing to the large amount of steel at the column 
splice, especial care must be taken in its placing. This is the most 
important part of the column, and the strength of the structure 
depends to a large extent upon the correct placing of the steel. It 
makes a material difference as to the length of the splice allowed in 
such columns. In one instance, an enterprising laborer, observing 
the bar in a column projecting out of the concrete in the column of a 
several-story building, seized a sledge hammer and drove them down 
flush with the surface of the concrete. The remedy for all this is 
inspection; most careful inspection. 

Bending Oolumn Bars.—Before placing column reinforcement, the 
contractor should make certain that all bends required in same, at 
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points where they extend into smaller eohnnitH on l!iK*rs iibove^ ar© 
made. 

Coluinii Footings.—The Htc‘el reiiiforeenient of eolitinn foottng;is 
slioiild never be painteth even if the foidiiius are to he fdiieed in 
damp situaiioiiSj heeause eoatiinr (he bars will partly ilenfri^y tlit^ 
bond that it is necessary to maintain between (he eoiierete iind Ihc^ 
steel (see imge 2()d) ; besides, the concrete is stiflieieiit firoleetioii I'm* 
(he stead aj^ainst any serious corrosion, lit all iiislaneeH, liowim^r, 
the sietd bars should l)e cut (»fT i*nou^di to allow the einb of the barn 
to be entirely protected. 

In case of column footings, a 24n., or sottntfiiiiew 44n., layer nt 
concrete sliould be spread (Ui the grouml before the fiHiting biiw itrea 
placed. Kacli l)ar should be tictl at two points by No. Ill wir©* 
I)oweLs must not b(* overlooked. 

BEAM AND SLAB EEINFOEOBMBNT 

Concrete Spacing Blocks.— Not cIum! concrete spaidiig block>4 
posed of the best concrete may be nsecl for lieaiti, gtrtler iiiid 
ndnforcenumt. The notches should be properly spiieed m* m to 
seijarate the bars from each tdlier aiid from the mlm of the foriiw, 
and the blocks should In* of the proper tliickiieMn It* litilil the liftm 
at the required height above the boftoiiw of the lieiiitis, girders iitifl 
slabs. The ust* of spaem’s luul separators are not only tif»epi«iiry 
from a construction stamlpoint, but iilsti for preveitlimi of iliiiiifiK-ti 
by fire and rust. If separators are not imeil, tlie tmr^ will ^iircdy l>ci 
more or less displaced by the dumping of the fniicrete eiirt< ifitX 
during ramming. 

Spacing Ohairs.— Spacing chairs or lienvy wire iitip|Mirt« niity !b« 
substituted for the eoncrete »|mcing bloeki iiiettllntitHl iiittive, 
page 2fi(b) 

N-Shap®d Saddles.— 'Saddles miide of No, *JI pitige met»! 

% in. wide may he bent N-shape iiinl iiiiik*il to foriiw iiitil llieii ili« 
slab rods laid on the Hinidle ami wired tlieretci. 

Washers for Supporting Slab Bars.—Wiwlierii way 
over the system of bars lying next to the foritw, w m In liultl tliptfx 
ohf the fomm, giving a space for the ilrepritoflng of Inn*. 

Bending Beam !Eeinforcement*'’--T!i iMuiditig llie beaiti atnl finit^r 
bars, care must be taken that tlii ile|il!i of the heal haw k next 



Fig, *Jh Krriir In Iituiiliaf llcini llari. 


greater than given in ilw drawings, iw ofliitrwbe the Imm iiit^ltt 
project above the concrclii floor. Tlie betide tin arriiriite srt 

line and plane; the awoinpanyiitiK akelidi. Fi«r. 21, jsIiowm the tmttire 
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of the error to be guarded against. The bends are not all in one 
plane af, but the one at d is twisted to one side de'f\ 

Tagging Beam and Girder Bars.— When the bars are cut and 
bent to proper shape, each individual bar in every beam and girder 
should be tagged with a cloth tag, wired securely to the bars, and 
marked with the number of beam and girder, and the tags should be 
left on until after the bars have been inspected in the forms and 
permission given to remove them. 

Marking Centering. —^When the forms are ready for the steel, the 
contractor should go over the floors with the blueprints and a piece 
of crayon or keel and letter the beams and girders to correspond 
with the plans, in large figures on the decking beside the beams, and 
should specify the bars required, for example: 

Beam B14. 

Two—Rounds, Bent. 

Two— 1" Rounds, Straight. 

Beam and Girder Units. —In order to reduce inspection work on 
the job, the simplest system of steel work should be selected. The 
simplest system is essentially a built-up beam and girder system 
shipped to the job ready for placement. There are several forms of 
beam and girder reinforcement which are either in one piece or 
assembled together as one unit. 

Placing and Fastening U-Bars or Stirrups. —Sufficient stirrups 
should be provided in beams and girders to take up with the bent 
bars all the diagonal shearing strains. All stirrups should be placed 
in the position shown on drawings, and should never be placed 
farther apart than the effective depth (preferably three-fourths of 
the depth) of the structural member, and must always pass under 
main tension bars. Care must be taken to properly space stirrups 
and to keep them in place during concreting. The placing of loose 
stirrups requires very careful supervision on the part of the inspector. 

U-bars should be accurately bent, with, say, 6-in. wing resting on 
the form work. Under each wing should be placed one 1/4-m. or 
3/l()-in. rod, to which each U-bar should be wired, and to assist in 
holding up bent-up floor steel. Where no floor slab occurs on one 
side or two sides of a beam, bend wing of the U-bars into the beam, 
fastened to side of beam with staples. 

Placing Beam Reinforcement. —Especial care must be taken in 
placing steel in beams and girders so to distribute and arrange the bars 
that each individual part may be incorporated within an individual 
part of the concrete. The stirrups should first be placed in all beam 
and girder forms as shown on drawings (and fastened as described 
above), then the straight bars, and afterwards the bent bars. 

The bars should be placed symmetrical with the axis of the beam; 
the bars should be held the required height above the bottom of the 
beam (generally 11/2 in.), and the proper space should be main¬ 
tained between the reinforcement and the sides of the beam. Care 
must be taken to see that beam and girder reinforcement is so 
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placed that the bottom barn lie well above the bottom board the 

form. (\)Ti(*rete spa(*intc biot'ks inay bt* used (o fiocni advaidane for 
this purpose. Bai*s should ovcu'lap e(jually at both eudn. The 
ri‘(julr(‘d ('oiimadious should also be niadr* at the tatds (d Ih'iuu and 
^ird(‘r witli the eolumu bars or the I'eitiibrefunfmt <d nbuttim^ bt'anw 
or walls. All plam*s and slaudd bt‘ true and parts df the 

nduforeement tical witli No. 14 wire or <uhm'wiHe hehl firmly in 
position. The bars should be straights or mairly so» as oiherwlHt^ a 
pull will strai^ht(*n and leimthcm them» and tlierid^y break tlie 
bond with the eonende. 

It cannot be too stroiu^dy insisted that proper insp«a»tioii b«* madi^ 
to see that the cmd connections and hearings td’ henm ami girder 
frames are connected up and have the hearinix called f«»r hy the 
etifrineer’s plans. That is to say, the inspeelor Hlmidtl see that 
ther(‘ is amph^ lap of the nunforcin^^ metal over the support. In 
other words, the inspeetor must /#rrso«ri% see and approve <*very 
bcairing* or conneetion of the* stetd ladon* it is eovered with cfiiierete. 
Failure to do this f'reqtumtly restdts in dillicnlty and trouble. 

Should any discrepancy he noted in reirfird to tlii^ retnforctniiind 
of similar beams or i?irders, it should he brought to the itl lent ion of 
the engineer. 

The placing of wood or iron inserts shouhl iievt*r infi*rft*re with 
the placing cd' tlie beam iiml glrtler bars. The reiiiforritiir steid is 
first and foremost in im|>ortimce. 

Placing Beam Eeinforcement on a Layer of Ooncrtt#, The prac¬ 
tice of first ch'positing, nayi 2 In. td' concrete in the botlom of bennt 
or girder forms, and then jdacing the steel upon the concrete, sliinild 
be avoided, owdng to tin* liability of the conende iii I lie btitfoiii of 
the forms sedting before a succeiHiing layer in added. A roitipitrii- 
tively dry concrete also is recfuiriai, which is tfif»re eipeiiMiir in Itty 
and does ned give as good adliesion to the steel ns it m-ei iiiixtiire 
(see fiage IHH). However, if tlie engineer rnd.^lies tliiM iliiiie, tlr-H| bty 
2 in. of concrete wdth small stone in the linlliiiti of I lie lieiifii nr 
girder box, and then place the rcdiiforcing i^teid iiiifiteiliiitrly nil tiip. 
The center (d’ tlie bar shonhl not be less tlmn 2 lit, from tlie lad tom 
of tlie beam in any ease. (Hen page 2lill) 

Extra Beam or Girder Bars (Oontinnily tlm 

most important reinforcing detail in respect In prtiper filiteiiig m 
top reinforccmient or continuity bars over girderi, coliiiniis imil wiiHn. 
Whenever top in* continuity bars are sliowit, be sure tiifit lliey nre 
put in exactly as shown on «lrii.wing». Tlie cnntifiiiity lifir» tii-er 
the beams ami girtlers may he placeil initiieilifitfily nfter the hIhIi Is 
concreted over tin* beams, atnl pressed info flip cuncrete. Tiif*Me top 
or continuity bars sbotdd be iw near the top of flie fliii^lieil cniicrete 
floor as possilde, in order to obtain the grentest «lreiiirtli. It lilwo* 
lately esHential that these top liars he plaml aeciirately iiiitl tiiil 
disturhed thereafter. Tills is tiiiich eiwler tliitii ilcitie. Tliew 
continuity bars may be very eiwily afeefed by tlie future 
CKpecially wliere the free ends project in mm* of a lin-fik at the 
joints (me Art. 26) in the progrew of the work. Tlits# free etnli, 
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if jarred, will many times break the boial of the hall* bar extendiiii]^ 
into tlia work. This precaution rt^a’arding the proteelioti ol loose 
continuity bars api)li(‘s with e<iuul I’oree to those I'ornied by beiuliti<^ 
the main nunforeenuuit and carrying it into the next beam. 

Omission of Continuity Bars.—A vm-y little expmieuee should 
teach an inspectin’ where top or continuity bars are needed, (‘vtm 
if they have Ikhui omitted from the drawings, and in case of such 
omission, if it should appear that continuity bars are netaled, he 
shotdd notify the (‘ngiuem’ at onct‘. The inspector must not permit 
top bars to bc' omitted from places wlun’i* common sense would 
indicate they are rerjuired. 

Results of Inaccuracy in Placing Beam Reinforcement.— Work¬ 
men oti reitiforced concret(‘ structures s(‘ldom understand the prin¬ 
ciple's underlying the construction, and for this reason th(‘y frcHiiiently 
distrioute the steel aiiywluu’e throughout the mass of a beam or 
girder, irrespiadivc* of tlie fact that it is supposed to be placed 
close to Ihc' Kollit or under side. 

It is interesting to prove by an actual example that the accurate 
positioning of tin* bars in the beam is not simply a point of good 
workmanship but a mattm* of vital importance as regards the actual 
strength and carrying capacity of the slrtictur(‘. As an examples a 
12xl(bin. beam with a l2-ft. span reinforc(*d with fotir -K-in. bars 
placed 2 in. from th(‘ bottom of the beam woidd carry safely a 
stiperimposed loa<l of about 14,btK) Ihs, and fail at a load of appi’oxi- 
malely 55,500 lbs. A bc*am of the satue size with the steel acci- 
ihmtally placisl 1 iti. abovi» its propm* position would carry salVly 
only about 13,000 Urn. and fail at 50,000 lbs., or this change in 



position of the bars ilown in the bottom of the beam form would 
mean an actual loss in strength of the b(*am of nearly 10 per cent. 

On tlie tdlier hand, it is a comnum occurrence for the !)arH to be 
forced down flat cm the liottom of the beam form l)y the weight of 
the concrete, tlie bars lH*ing prolectcal cmly by a thin film of cmiumt, 
The Htet‘1 k them not only in a very unfavorable situation as far 
as its function is concMTiied, hut tlH‘ entire beam is totally defectivi* 
as a fireproof iitructura, the lairs being without any proleelion and 
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the entire structure likely to be endangered by even a small fire. 
Spacing blocks in ample number must be used to keep the reinforce¬ 
ment above the bottom board of the beam form. Fig. 22 shows the 
careless manner in which the top and bottom bars of a beam are 
placed, while Fig. 23 shows an actual ease of how a certain con¬ 
tractor distributed five bars in a beam. The engineer’s plans called 
for three bars to be placed in the bottom row and two (staggered 
bars) in the second row. The beam failed and the contractor was at 
a loss to understand why it should have done so. 

Slab Reinforcement.—The reinforcement for slabs is usually rods 
(or bars), woven or welded wire-net, or expanded metal. 

Tagging Slab Bars.—All slab bars should be wired in bundles 
and properly tagged, the tag for each bundle to be left attached 
to one of the ends after being placed in the forms and then removed 
after the bars have been inspected and permission given. 

Placing Slab Bars.—The slab bars should be placed after the 
beam and girder bars, and should be wired at two points to keep 
their place. Bars should be placed in their exact position during 
the wiring; however, a variation of 1 in. may be permitted if during 
concreting the bars are shifted. The contractor should supply his 
men with a sufficient number of hooks to be used to raise the bars 
% in. (or the specified distance) above the floor during concreting. 
The chief objection to manipulating slab bars by means of a hook 
as just stated is that there is no gauge to determine the final position 
of the reinforcement, and if the concrete flows under the reinforce¬ 
ment in too large a quantity it is almost impossible to replace the 
reinforcement without rebuilding the entire work. Automatic spacers 
and devices for the accurate placing of slab steel are readily obtain¬ 
able and should be used in preference to the method of raising bars 
by hooks and allowing the concrete to flow underneath. 

Constant attention should be given to the reinforcement to see 
that the slab bars are in their proper location over the beams, and 
are perfectly straight throughout their length. Slab steel should be 
securely wired together so as to form a strong network. If the 
slab reinforcement is secured in place by staples driven into the 
forms, the ends of the staples should be clipped offi after the forms 
are removed. 

Whenever (top) continuity bars are shown, be sure that they are 
put in exactly as shown on drawings. These top or continuity bars 
should be as near the top of the finished concrete floor as possible, in 
order to obtain the greatest strength. 

Placing Steel Bars in Flat Slabs.—Special attention should be 
given to placing the bars in belts in flat slab systems, and fairly 
uniform spacing should govern, though” this is of less iipportance than 
keeping to the general distribution throughout the full width of 
the belts of reinforcement. In placing the floor slabs, those running 
from column to column directly in one direction should preferably 
be placed, then those running at right angles, and following up later 
with the diagonal belts of bars. 

Bars should be wired together to hold them in position as shown 
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on the engineer’s plans. I( is (lt>sirnblt‘ to use No. IS sol'i annealed 
wire, takini^ a pitHa\ say, a yaird lonj;- and rastcuiin^’ an inferseetiouj 
fchen earrying’ the wire <lia,u'oimlly to the next intei'seetion, lakin^^ a 
half hiteh, and proeeetl until this puu'e is ustal up and making the 
end fast. Then start with a new pi(‘e(‘ and proeta'd as hcd’ore. 
Two lines of tu‘s, erossiuu* and normal to the inters(adinu‘ h<‘lts at 
tlu» ecuiter, will hold these* hai‘s in position v(*ry nieely. A similar 
tie across the parallel htdis and a suitahh* ntimber of I’astenin^s 
around tbe bead of the* eolumu are re(|uired to hold the bars in 
position. 

Placing Expanded Metal or Woven Wire in Floor Slabs.— 
Expanded metal or woven wire used in floor slabs should tiot bo 
cut and lapped between the beams, but sboubl have* all splices 
made on top of a beam, and the* metal sh(‘(‘ts shoidd lap each other 
at least one t»r two nu»slieH and be wii'ed tou’etlu'r. In otht*!’ words, 
all e.xpamled metal ami woven win* must Ik* so arratiij^ed that the 
laps do not occur in the slab spans, but oecur ovi‘r b(‘anis and 
girders. All such bpis sbould be at least 12 in., and tin* junetions 
must be sc*curi‘ly wirc*d tugt‘ther. Tbe inspector should see that 
there is ampb' lap of the reinfeuTing nu’tal ovc*r (In* support. Eailure 
to do this frecjuently results in difllculty and trouble. 

If expamled m<*tid is used for tin* slab r<*infbreem(*nt, care must 
be taken to see that the long way of the iru'sh is at right angles to 
the Ijetuns, or in the direction of the slab r(‘inrorcmtH‘nt. 

Expanded metal and woven wire reinforcement should he kef)t up 
frcmi the Imttom of the slab about in. If the workmen arc* not 
watcht»cl they will usually get this rc*infor('(‘nu*nt down so it. will 1)6 
exposed on the bottom of the slah. Make* partieularly eertain that 
all ll(H>r slab reinforcement of slieet nu*tal, shearc'd, f)uneh(*d or 
expanch*d in order to distrilmtc* tlie steel through tln^ rnaHs, or cold 
woven wire sinalar to feneing mat(*rial, lies pt*rfeelly smooth and 
straight, (’are nnist be taken to see that win* reinfore{*meut in its 
various eommereial forms is stretehc‘d ho as to n*fnov<* al)Solut(*ly 
all waviness and nlaek. Otherwise, sagging of tiuislu'd floors is likely. 
Where eleetneally weld«*d or woven wire fahrie is used, tin* reinforce¬ 
ment sliould extend over several nlab spaecv; also, it Hhottld be 
brought near the top surface over the beams by propping it up 
from the «lal) centering. 

(’are mu«t be taken when expanded metal or wire* mesli n'inforee- 
mtntR are used to cut the sheets to the proper length. If they are 
too long, the workmen, sometimes, instead of cutting them to proper 
dimensions, try to force tlie slieet down into place between the 
flangea of ateel beams, and the n»Hultinif location of tin* metal and 
its utility as a tensiem member heeomcH of doubtful value at best, 

I^oviiion for Shafting Hangers.— ProviHi<»u for Hhaffing ImuKera 
should he raiid# before the eonerete is poured. natJg(»rH sliould 
extend well aimve tlie lower reiuforec*meut in beams, girders and 

Ei:poitd Belnforceinent.—Though tin* nhowlng of a slab rod now 
and then through the eonerete will not be <*cmHider<*d Hufllcienfc 
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eaiiso for the eondt'ninatiou of the* week, tin* |»n*vii!«‘ncn* tit tliiH 
defeet should not h(‘ allowed, and every preeaufnui niie4i lie taken 
to prevent it. In o(lu‘r words, should ndnlorcdin: n.etal In* exposeil 
to a t'onsiderable (‘xtent on tln^ htdtoin of Ikuo’ <* 00^11 m lion, that 
scad ion of ilu* floor should b(‘ r(‘ino\'ed and replaeed. as ||n* phederiin^ 
over same with ecuiumt tnortar shoidtl not be permitted, 

Eesults of Inaccuracy in Placing Slab Eeinforcamont. Work- 
num on redubuHaui eonendt' striudures seldoui uiiiler^lniiti the piin** 
eiples undei‘lyin,u* ilH» eonsiriudion. and for tills reiiHuii iln^y are 
likedy to place tho ste<d reint’oiadn^’ rods for slabs near the top 
instc‘ad of nc‘ar tbt‘ bottom snrfact*. 'fo tlie iiiiHkillefl lahorer. a 
matt(‘r of an incli or two difTerenec' in the levtd of ii bar or ridiitorc* 

mat(*rial in the floor seems but a small niiilter. Hut in the eiise 
of a d-in. slab, the plueitur of bars or rc'iniondnif 2 in. 

instead of '!4 b'. from the bottom may I'ediice tin* strt‘ie4fli 

WAU:* BEINFOEOEMENT 

Placing Wall Eeinforcemont.—Tlu^ reinforctuiieiit sltotild be pliieed 
the re(jutrt‘d distanct* from the faees of the wall and in eviirl pliiiies 
laid down in the entritUM'r’s plans. The Htipidiited i»f the 

bars nmsi be iieeuratcdy followed, and the bars f^lunild In* 
and true to line. Wall reinforctunent may be nlfjielied to lln^ liiiter 
forms, wdierever possible, with galviiiitzed htiiples if tieet'fmiiry. 

Ilori/.ontal wall bars should be wireil to vioiieiii iil leiint 

every 2 ft., and proper provision tnust be niiide to kerfi flieiii iii tlie 
proper distanee from the faec* of tlie wall. It U wniiefitiie's *.iprei!|i*d 
that liars shall be strongly wired at not Iohh tiutii oiiediilf ni' tiie 
interseelions. Wiring .should be done befon* tlie foriiei iiii^ «»reetrtl 
to the point that they wdll interfert* by prinetitiiig rnll itere^i^ tii 
the bars. 'Wire's used to tie reinforenuiieiit iniiy ser\e thv i'lirllier 
purpose of Imhling the sides of the forriis from Hpreitditii?. 

Eemoval of Fastenings.— or win* ties used tn bubi tlie 

rainforeement in place ainl left embedded In tlie cniirrefe ^duuilil lie 
cut otT deep enough to keep rust from slnrndtig nii llir fiin* iif 

the wall. 

Headers.— In nil walls in wliicli the work in laid up lii Hf’rtiiim* 
the full height of the wall, flnisliing iigiiirist lieiiflei^ to foiiti tiiinri!e» 
and-gnaived jeunts, tin* liorizonfitl bars slioiiid lie nirriril liiniiiifli 
the joint continumwly witbout break, iinil no lap sliutiltl lie iipriftilieii 
at Kiicli places. {Bee page 2flB.) 

Wall Footings.— dri ciwc (d’ wall fciofiiigs, a cir 

44n., laycT of concrede Hliotdd lie spreiid oti tlie grtiiiini liefore I In* 
bara are placcul Bars in wall Ibotirnrs do not neoil to lie mdreth m 11 
general tiling. 

mSCEIXANEOErS EBOTFOBCBMBNT 

Placing Steel in Arch Bridfei.— Tlie inetlifids of iilneiiiii ndtiffiiw- 
ment will depend Ufam the kind used. Wlieti roitirtiiwfiietit f»f ilio 
loose-hiir type is employed, the mefhoiis mml iiri» eiifireiy ittiiilofoiK 
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to those used for floor construction as described above. Generally 
the lower bars are put in, wired together and blocked up, the con¬ 
creting brought up (see page 318), and the upper set of bars put in 
proper position. When ties or stirrups connect the two sets of bars, 
light bracing should be used to hold the two sets in proper position, 
and must be knocked out as the work is bi’ought up. W'hen systems 
of the Melan and analogous types are used, great care must be 
taken to line and fix the trusses or beams in proper position. These 
trusses must be well braced until the concrete is placed. 

Circular Tank Reinforcement. —Spacing of bars should be accu¬ 
rate and in exact accordance with the engineer’s plans. The 
reinforcement should be concentric with the vertical axis, and all 
splices should be made with particular care and as directed by the 
engineer. 

Conduit Reinforcement. —Spacing of bars for conduit reinforce¬ 
ment should be in exact accordance with the engineer’s plans. The 
planes of the circumferential bars should be perpendicular to the 
axis of the conduit, and the alignment of the longitudinal bars should 
be parallel to the axis of the conduit. The reinforcement should be 
concentric with the axis of the conduit and conform exactly to the 
required circunafereniial curve. 



CHAPTER VI 


INSPECTION OF CONCRETING 
Art. 23. Transporting Concrete 

With the actual handling or transporting of the concrete the 
inspector has little to do, his duties being restricted to seeing that 
the quality of the work is maintained rather than the means used 
by the contractor to carry on the work. However, as the inspector 
is interested in the progress of the work to see that it is completed 
in the time agreed upon, the method of handling the materials may 
become of vital importance. The author will therefore discuss the 
subject very briefly. 

General Requirements. —Provision should be made by means of 
suitable hoists and other implements for the rapid transportation 
of the fresh concrete in such a manner as not to separate in any 
degree the component parts. There are no fixed rules for conveying 
concrete from the mixing place to the work; this is a matter that 
depends to a great extent on local conditions. However, the arrange¬ 
ment for handling the concrete should be such that it will be under 
perfect control at all times. 

Conveyors. —Concrete may be conveyed from mixer to place with 
wheelbarrows, carts, buckets, or ears running on a track. Chutes 
may be used with the approval of the engineer only if they can be 
so arranged as to deliver the concrete in a thoroughly mixed condi¬ 
tion. (See Art. 35.) The inspector, of course, will be governed 
by the engineer’s decision in the matter. Other forms of continuous 
conveyors should not be used without the express permission of the 
engineer, 

The usual vehicle for transporting hand-mixed concrete is a wheel¬ 
barrow. For machine-mixed concrete, derricks are suitable if the 
mass is concentrated near the mixer; otherwise, cars running on a 
track, or, in some eases, wagons, afford a means of conveyance. A 
combination of ear and derrick work is readily effected by using flat 
cars with derrick buckets or trays upon them. If a derrick and 
bucket are used, the latter should be of the bottom-dump type, 
which can be lowered onto the centering or a chute, the bottom 
tipped, and then the bucket raised slowly, allowing the concrete to 
flow out slowly in a stream. A bucket witb a sliding gate is next 
best. A tipping bucket should not be used, or one which will produce 
heavy vibrations when the contents are dumped. Galvanized iron 
buckets are sometimes useful when building a high, thin wall. 

Concrete cars should be of simple construction, easily cleaned, 
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dumping at both ends as desired, and without moving parts which 
will become clogged with concrete. The size of the ear or bucket to 
be used will depend somewhat on the character of the work. 

The selection to be made from among these common conveyors is 
dependent on economy, as in handling other materials, the only 
requirements being that the concrete shall be conveyed to place 
quickly and that the materials shall not be allowed to separate as a 
result of any of the manipulation. 

Hoisting Machinery. —As the mixer is generally located stationary 
at one level, the delivery from the mixer to the different floors in 
building work means the introduction of a vertical lift or elevator; 
and here the concrete is either transported in wheelbarrows or 
buckets, which are hoisted on an elevator platform, or in bulk, by 
means of elevator buckets on an endless chain. Handling from 
hoist to form may be direct in buckets, by carts or wheelbarrows, 
or by ears, but the work should be so arranged that there is no 
stop or waiting. 

The location of the apparatus used for hoisting the concrete 
should be such as to permit of depositing the material and leaving it 
set without being walked or traveled over, and at the same time 
not interfere with the progress of other work, especially when the 
character of the work is such that several departments of a work 
must proceed uninterruptedly after the construction has reached a 
certain stage. 

The mechanical plant must not be braced to the form work or 
the building, or have any solid connection therewith. In other 
words, all hoisting machinery must be supported independently of 
the forms, so that the concrete will not be subjected to vibrations. 

All machinery should be consistent with the size of the work 
and efficient for the purpose. The hoisting towers should be built 
of new (or as good as new) lumber of more than sufficient strength 
to fill the bill. 

Construction and Arrangement of Runways. —Where wheeling or 
carting has to be done either at the bottom or at the top of the 
hoist, or at both points, good runways must be provided to convey 
the concrete to place. Care must be taken to have well laid out 
and well supported runways for the wheelbarrows or carts, so as 
not to displace the forms or reinforcement. Runways should prefer¬ 
ably be built double width or in double sets. Proper cleats should 
be provided underneath the planks to hold them together. 

Runways for wheeling should be so constructed as to avoid 
unnecessary jolting of the concrete in transit, as jarring will tend 
to separate the stone from the mortar. Arrange the laps of the 
runs so that the wheeler wheels down on the next section of run 
and never up. In other words, the runs should be smooth, and 
ends of boards forming them must butt together in order to avoid 
jarring of wheelbarrows or carts. Runways should be at least 36 in. 
wide for two-wheel carts. They should be so arranged that workmen 
travel out by one route and return by another. 

All runways must be supported independently of the forms, so 
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that tlie e<)ti(n‘(‘t(‘ will not lx* Huhjoc'ttxl to vihratTlioy may 
1)0 supportcMl by liorst‘s or (rostlc‘s that pormit propor rloariinoo of 
ilio st(H‘I and Thc' c*onstant jarriii.ir niusod by poi)r rnnwayn 

may do mtudi toward produoim; a failun* in tin* work, Tiiiio sponf in 
buildinj^ propc'r platforms and runways is matlo up fijurfold in tlio 
ond—llio ma(duii(*ry works mor'(* smootldy, the* man <Io loss **onssin|^’^ 
and tho building a'oos mor(‘ puieddy. 

Runways must bo kopt froo from dirt ami in i^ood rtuiditton. 

Art. 24. Precautions to Be Taken before Ooncreting 

Kroction of forms should prooc*od woil in iidvanoo of ilio ooii- 
ondin^, and amplo opportunity sliouhl bo tlio on«tiioor to 

thoroiurbly inspead them b(*foro ooiirndc' is plaoial tlioridii. Iloforo 
placing' tlm oomuadcs tlui iimptador sliouhl tliiit tin* foriiiH an* 
substantial and tboroimhly oilod or otborwmo troiit«‘d to insin*** 
Buiooth surfacoH, and tho {>lac»<* to bo orrupiod by tlio m 

fn*o from debris, and the reinftuviny: steel liim been proper!) plaeed 
and (irmly seeunal liy wiriiii^ or (dlier iiiidliods to prevetil di^plare- 
ment. Conertde should nc»t be started uiidm* any etreiiiiHliiiii*eH until 
overylliin| 4 : is in rc*adiness to proceed witlioiil iiifiu'riiplioii, It is 
important to have t!u» forms linislied far etmiiitli iti «d\itiiee of tliii 
pliudnir of the eonereti* to insure eonfiiiuily of the einieretiiii:. 

The inspector slundd be ixoverniHl by inspect itiriH tln^ eiiniin^i^r 
as to the b(*i.srht wbieli tlie contractor may Im.! permitteil to mrry up a 
day^H work. 

Checking Oyer Forms (Chases, Openiaii, Piitinliigi, 

Before plaeini; any coneretiN the inspector Hlioiild elieeli iner tin* 
location of forms, see that they are pliiiiil), iieciiiiifidy pliiceil, iioil 
propmdy braced ami Hupporled so tliiit no m itiii^pliteeiiietit 

can occur. It should he seen to that the iiprklil >4iip|H4i1i4 niiil liriire*4 
are properly plaeed ami are sullhdeiitly stroiiif to eairy tla* weiidit 
of the wet concrete, for freijiieiitly the fitl-^ework iiiiil hit 

improperly placed and <lo not liiief* siiflleieiit lieiiriitif. It i« iiliai liot 
uncommon to find reinforced eoncrtde foriti« Itriiceil ureeii 

masonry and brickwork find struts neeiircd wdtli a few irire liiiik; 
whmms they should lie notcliml intit tlie stipfiortinif mid wdl 

spiked. Rea that the lumber i« Motiml itiiil fill mull lire mudi 

spliced; that lumber, wliere toe-nailed. In efileieritly tiiiilni; tliitl nit 
form rods have wimlierfi under tlieir lieiid^ mid fliiit fli«»y are 

taut when eonereting is biwn, iiiiil tliat tliry reniiiiii «ti diiriiil' tlie 
progress of tliii work. In ordiw that tliere limy lie no tloiilil rn?firiliiii? 
the safety of the form %vork, it niii^t lie eareftiliy iiwpeetrii liefore 
any of the concrete is fdaeed, wtpecfiilly in to mmK 

Before commencinir to pour concrete in or wilb, tlie 

insjKudor should aseertain wlietlier pniper priiri^iiiii l|||♦l mailit 
for location of hangers for slififtitiir. »priiikli*r^, iiiiil tlie 

of wires, pipes, ahaftimi*, etc., flirmmrf, 

lie taken to see that all cliaseii, iipeiiiiiif^ f#ir pifien, lieiiriiiif 

recessei, etc., have been built in tlie foritp, nn jw |ii tin* desiriHl 
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space or pocket in the concrete. Pipe sleeves must be properly 
located and fixed plumb in the forms before the concrete is placed. 
It is cheaper to delay the work until proper provisions have been 
made than to cut out work already done. In other words, the 
inspector should inform himself in advance of what is needed in 
every piece of work and see that same is on hand in advance of 
beginning of the concrete work. 

All bolts, anchors, nailing-blocks, etc., which may be required in 
the finished work should be put in place and built in as the concrete 
is deposited. Wood blocks when bedded in concrete should be 
dipped in hot asphalt to prevent rot. 

If the form work is left empty for any considerable length of 
time, then before pouring concrete it should be looked over care¬ 
fully and shrinkage joints repaired. In fact, it cannot be too strongly 
insisted that the forms be given a final inspection before concreting 
to check line and level, to close open joints and to tighten up 
clamps and wedges. 

Cleaning Forms. —Before starting to place concrete it is very 
important to see that the forms are clean. All dirt, shavings, saw¬ 
dust, blocks of wood and other rubbish of this kind must be removed 
from the forms just before placing concrete, and whenever necessary 
forms should be cleaned out by a steam jet or equally effective means. 
Most of the cleaning may be done with rag-pickers’ sticks, which are 
pieces of wood about 1 in. square having a sharpened nail driven into 
one end. (See page 238.) 

Especial care must be taken to prevent shavings and sawdust 
from lodging in the beam and column boxes. Too much care cannot 
be given the matter, as it is of far-reaching importance, and failure 
to properly look after this cleaning damages the work in a way 
which is hard to rectify. The cleaning must be done just previous 
to placing the concrete. Before closing the door at the foot of the 
column box or the sides of deep beam boxes, look through the box 
and see that no chips, blocks of wood or refuse of any kind have 
fallen into the box and become lodged in the reinforcing steel. It is 
very easy for blocks of wood to become lodged among the reinforcing 
rods of walls or columns. These must be removed, as they do not 
make good reinforcement. 

All forms having been previously used should be thoroughly 
cleaned and prepared before being used again. (See page 383.) 

Steel Reinforcement. —Before commencing to pour concrete, the 
reinforcement for the entire floor should be directly at hand with 
that for the columns below all in place. Special care must be used 
to see that each piece of reinforcement is in its proper position 
before pouring and is not moved in placing the concrete. It cannot 
be too strongly insisted that each piece of steel be securely fastened 
in position while concreting is being done, this fastening in no case 
being of wood. All reinforcement should by all means be given a 
final inspection just pi’evious to pouring the concrete. This is par¬ 
ticularly essential where the reinforcement is placed sometimes in 
advance of the concrete, in order to make certain that none of it 
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has becni pushed out of pos'd ion or remove<l entirely. All bars tuusl 
be in their proper pluec*s ami amdiored or tied t(»p‘ther ns imiieated 
on the dravvinji: or as ended for by the Hpcadlieidit>ns. Tin* autlan* 
would sui»:^u‘st that the inspeetor remain with tiu* ^an^s doim^^ the 
work and be very dili^tmt in watehin^ to see if all the reinforee' 
nietd. (aspeeially with tiie loose-bar nysteiu) is placed aeet»rdiu *4 !<i 
the detail (lrawina:H. (See Art. 22.) 

The steel should l)e free from rust-seales, mud eoatijurs, i^rease, oil 
and all matter likely to interfere with adhesion. A sli^dd et»atin;i td' 
rust on the steel is not olyeeiionable providini^ the st«ad is md seal}. 
KncK'k all loose seales from the steel before eleiinin^ the spiiee for 
another pouriniic. This is imperative. 

Wetting of rorms.—Before pourinp: any eonerete, the iiisitle (»f 
the forms shouhl be wet down thoroughly with a Inmet or spriiikl«T 
if a hose stream is not available, or oiled as menticmetl In Art. H, 
Speeial eare must Im taken to prevent wooden forum or olhrr 
absorbent material (sueh as briek, ihu'ouh tiles, etc.) wbieh will etuiie 
in eontaet with the fresh eonerete from absorhing its water, by 
insuring that the surfiiees of sueh materials ex|Hmed to lln^ eiui- 
Crete liave been rendered non»absorbent by being thonnighly widleil 
just before the placing of concrete. In other words, w*ben concrete 
is placed in contact witli brick, porous tile, etc., thesis iii» 

thoroughly saturated ho as to improve the bcmcl and to preveiif flit* 
absorption, by the porous substancea, of the water in the concrete, 

Enfineer*s Appro'Vtl—-When the fornw are ready to he filleil 
with the concrete, the engineer in cliargti or his liiitbori/.eil r«‘pre« 
Hcntative should be notifiet!, and no concrete slunih! be nllowcif to 
be deposited In llui forms until he lias inHptadatl the iirriiiigriiieiit 
of the steel and the varioiw fastenings of the riniiforcriiieiil iiinl 
given his approval of the mairk. The engineer will theti gi\e due 
notice to proceed with the concrete. To avoid deiiiys, the luigiiiecr 
should be notified one day in advance when the «lin»l iiiiil foriim 
will be ready for inspectitm, 

EemoTing Lumps of Oonerett,— No lump of concrete wIuhiIiI lie 
permitted to lie in any of the eiirs, hoppers, troiiglw, wliwdltarriiw^, 
or other reeeptaclei which are iiieil for conveying It from the 
mixer to the fonui. Kach receptacle ^liutihl he cleiiiieil nt tlie 
cessation of work. If a tank or lioppr h used for rccciviiig tlie 
mixed concrete, cure must be taken to see that the litipiu^r ilw- 
chiirges imiformly and tliat mixed concrete doci not iicciitntiiul# 
and lie in the tank or Iiopptr until it lias »ct. In hot weitllier tliiii 
needs sptwial attention (sue Art. 32). If the concrete luinliuw in 
the hoppera or in the wheelbarrows, it must not be iwecl; il m 
playing with fat© to rfit©m|mr such concrete with iitoro water, iii if 
hardens very slowly and probiibly never reiictiim flic ciilriilfiled 
strengtli. Without doubt, many iiccidcnta iiiiiy be triiciMl buck In 
neglect of tlik on© piint 

Any concrete wliicli may be spilled on tin* forms nr ndfifoiw- 
raent, and m set and dry in advanct of coni|ilcled ivork. iiiiiiit Imi 
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swept up and removed, and forms and reinforcing steel must be 
washed clean before concrete is deposited. In fact, the steel must 
be cleaned entirely of all concrete that may have become attached 
during the previous pouring. This is imperative. Concrete spilled 
along runways should not be deposited in the structure without 
permission. In other words, any concrete that has set should not 
be broken up and deposited in the work without permission. 

Resumption of Work. —Before depositing any concrete after work 
has been discontinued for over one hour, the forms should be cleaned 
of any concrete adhering to them, and all fins or broken pieces on 
the top of the concrete removed and the forms and upper surfaces 
of the concrete thoroughly wetted. This is important. (See also 
Art. 27.) 

Removal of Unfinished or Unsafe Panels. —All unfinished and 
unsafe panels or sections should be removed before starting a new 
one, and any batches or remnants of materials containing cement 
not used on the first set should be condemned and removed, whether 
in the wall or floor or in the vicinity of the work. 

Inspecting Concrete before Placing in Forms. —^No concrete 
should be laid except in the presence of an inspector. The inspector 
should carefully note the uniformity of the mixture delivered to 
the forms and should make it his duty to see that it contains no 
foreign substances, such as wooden blocks, shavings, etc. He should 
carefully note whether the color apparently indicates the proper 
mixture, and in case of doubt should verify the proportions of the 
batch. In other words, carefully watch the color of the concrete, and 
if it varies considerably examine for cement. Find out whether the 
variation is due to the color of the sand, stone or variation in the 
cement. Occasionally a batch may get into the work with little or no 
cement in it if the color is not kept in mind. Inspectors on some 
work use hand tallying machines to keep track of the number of 
batches, and at noon and quitting time they cheek their tally with 
the bags at the mixer. 

A competent inspector should also be in constant attendance at 
the mixer to give his approval to every batch that leaves the machine 
or the mixing platform, as the ease may be. It is of great impor¬ 
tance that every precaution and vigilance be exercised continuously, 
so as to be sure, beyond any doubt, that not less than the specified 
proportion of cement goes into the mixer. The inspector should also 
observe the dry batch and see that the cement has not been over¬ 
looked. (See also Art. 15.) 

To cleanliness high virtues have been ascribed. A builder cannot 
make a good job in concrete without cleanliness. Chips, dirt and dis¬ 
integrated concrete dust will not make concrete although we regret 
to find that at many times it has helped to swell the yardage. 

Plumbing and Leveling of Forms. —No concrete should be placed 
until it is definitely determined that the forms are correct and 
properly braced. If the forms stand any considerable time between 
erection and time of depositing the concrete, the alignment should be 
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nuvfully chedvtHl just \wl\nv plnrinj^ tlir rui5i*n‘ti’. Tlif itliintnitiit 
should also ho chookiMl aflcu’ storms aiui h!i:!i winds. This is vory 
iinportaut. (Seo pa^ros 211, 21H atid 2.’ll.) 

The fiiuil insp(‘(*tion of forms Jiisf hidoir isiitrretiiaf util hnu* 

madt' certain that they an* n‘ady for the nmcrefe, su litr iis liiie and 
level of formH are eoncerncah hut tin* aliu'iuiieiil ntiHl In* mniiitiiininl 
<lurin^jc tlu* pouring and pmhllin^^ of the canicrete. Before the pciiiriie^ 
(d’ c(mcr(‘te there shouhl he workmen asstiriied to k«*e|i ttiiltdi of alt 
forms and corn*ct any displaet‘meiit <»r Iocwfme.HS of fuiiiis. ft will 
he too late to attempt to correct pot»r aliimiiieiit iifti’r the coir- 

crelinijr has started, and the buckled loritis iiiiiHf riiifiiiii in I heir 
warp(‘(l position unh‘SH trueness of face is tif siiliicieiit t.iiiee to 

warrant tearing? down tlie concrete and repliieiiiic it 

Excess Water to Forms.—KicesH water in foriiis ulioiild l»i» ilrawn 
olT hy horini^^ holes with an amrt»r before pliiciiitr roitcrofiv fly tliii'-. 

drawin^u* the wattn* t)fr the tt»p hetdn* chi*^iti*,r ii ilii\% ivoik, mill 

takini? cart* Unit no water accuniuliilt'S, liiitance iniiy In* nioidi'il to 
a a*r(‘at C‘xtent (see Art, *11). ff the wafer is iilhoieti to Mlatui lUid 
to evaporate, very fine impurities, finer tliiiii jiirH?4 n 2IIII iijnHii, will 
hi* deposit(*d on the surface. In order to ili’^eliiirife flu^ stirpItH 
waiei', small holes about ’hn i»f an ineli In fliitittider nniy in 

the planks when and wlif*rever wpiiretL 

Excavations.—Tlte excnvatioii for nil fotiinliifioiifi. footiiiirs. itml 
hearini^ walls slionld he carried <lowii to a liiinl firm iiiiif 

to ori,y:inal ground if possible, and hrmiidit « lioinr if 
necessaryi horizontally steppeil otT ti» prinimt of I lie »4ii|irr” 

structura and to reduce selflemrnt tti the iiiiiiiiiiiiiii, 

T!io excavation Hhonld he frei^ from loime eiirtli, iirf»f*eiiie «r ^|ifiiiiry 
matter, sewage, ecmtfittiinided water nr refuse lirfnre iiiiy roiiereii* k 
depositc'd therein, 

Rock Bnrfacos.— Itoek surfaces siioiihl he fiinl wiodietl 

with wire hrooms, rouirhened if re<|iiiri*ih iiiiti rmeri^tl witli ii lliirk 
neat grout before placing the roiicrefe or Hie *4iirfiire*i tlmrmu*hl\ 
wed ted. Btctd haro may he ti*4ei| to itiirliiir riuirrete to rttrk if 
rcijuircth Special care must he tiikeii tii |iiiiei!iir rmirrett^ iigiiiii:i4| it 
rock surface where a bond in de^iiri’iL All Itiiiiic nr lirfikrii rhifw of 
rock and dust must hf» carefully reitiovril lieftiro niiirreie i# iiiiirril 
either on or atminst tin* rock. 

Earth Surfacii.-^Fiiirtli Miirfiici^H slmtilil In.* welfetl miti 
hy ramming immediately before depiwifitin cmicieli* thrrmm., 

Dry Weather,— In dry wentlier flic foifirn t»e tlior«iiii}ily 

wet witli water just before pliicliiir the ctuicrele williiii Hieiii, In Imi 
weather the sand and irriivel, or lirctlceii lie Iie|i| wrf 

in (U’dcr to retlnce flic time of initkl Met t»f fin* nuirrrti^ !« mn nmr 
the normal as possible. If tlie i^itinl, Inolieii nr 

gravel piles should he |irotecfeil friuii flic Hiilllrinit riiiiviiM, 

timlier or wet siinfl slimild he |iroviilei| in lifininre fit innterf fii-ifilv 
laid work from the direct myn of liie stiis mul (i*mi miini, |Ser 
Art. :e) 
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Wet Weather.- ' (should not be made when raiti is fallini* 
on il. 

Freezing Weather.— In I'reezinjj: weather steam must be used in 
phuH‘ of wat(*r to diauudi tin* forms immediately before plaeiuji*' the 
eoneret(*. No ('on('r(‘t<‘ s'hoidd b(‘ laid in fre(‘zing wu^ather unless 
prop<‘r pr(‘eautions ai’(‘ taken to pr(‘vent injuiy to the eonerete. 

Spc'eial pre('autions must In* tak(*n to avoid the use of mat<‘rials eon- 

taining frost or (*ov(‘r(‘d with iee erystals during* fr(*(‘zin^’ weather. 

The subj{‘<d. of (*onen‘tin.y: in fi’ee/ing weather will be diseussed more 
fully in Art. 33. 

Bonding New to Old Concrete.— FA*(‘ry preeantion should be taken 
to secure ^ood boml when joininu* fn‘Hh concrete to concrete that has 
alr(‘udy set. (S{*e Art. 27.) 

Protecting Finished Work.~No concrete should come in contact 
with tin* back cd’ marble, limc*stones, and terra cotta. IMiese should be 
painted on tin* back with a watc‘i’-proof paint if tin* c.oncr(*t(‘ is to come 
in <*ontact with tlu'sc* materials while it is being ])oured; this fre- 
qiu*ntly happens in tin* case of lintels, etc. (See page 294.) 

Eemixing Concrete. Wh(‘n thc» eonerete has to Ix^ transported a 
long distance* in wh(*(‘lhai*rowH (H’ carts, and the* wat(‘r has separated 
from the solid mattt*r, the eonerete should be r(‘niix(‘d before being 
pbnasl in the forms. Thnt is to say, wb(*n the wal(*r rises to the 
surface* iti w}H*eling eoncn*t(* from tin* ])laee wlH‘re mixed to the 
place of <l(‘posi(, the* eonen^te should be turneal e)ver in the^ wheel- 
barrtAVH or cart with a sheu’e*! la*fore* it is elepe)sited in the forms. 
If, ln»we*V(*r, delay eiecurs in tin* placing e»f the concre'te that results 
in le‘aving a hatch inixe'd but not plHe'e‘d be*tore the* end of half an 
hour (the* maximum time* usually alloweel), ge*nerally the mixed eon- 
erc'tc* sboidd lie* re*j<*ct«*eL Thei’c are timexs, he)weve‘r, if the concrt'te^ 
is theu’emgldy r(‘mixe»el, aeldiug a little? water if neee*HHary, it may be 
maele epiite* gennl lor the purpose. (Bc*e? page? KHi.) 

It is usually playitig with fate? 1e) re*temper e»e)ncrete whiedi has 
hareie*ue*d in tin* wlieclbarrenvs be'fore? be‘iug ele‘f)OHiled, as it Imrdens 
very slenvly and probably ne*ve‘r r(‘ueli{*H the ealeidated strength. With¬ 
out eloubt many aee*ieh*utH may la* traeeel back to nc‘gle*ct of this one 
pednt. On II certain small job this vehy thing happened. When the 
forms we?re* re*men’ed the* cemerc*te was eptite W(?t anel soft, and fell en¬ 
tirely apart. Hamples w<*re? taken, and eiwiug te) the? vc‘ry iilastie (*on- 
dition of the cone're*te* it was peissihle to meild te'si eub(*H (s(*e? page 303) 
wliieli wt»r<» allowed to hard<*u. As expected, the? 7- anel 28-(lay speci- 
me»ns had barely colie*Hion (?nough to stand the? handling of placing 
tln*m in a tc*sting machine. One wall was allowe?el te) re*niuin in f>laee 
as it can’ie*d no ioinls. Wlien six wc*eks old it was still so se)ft that 
impretHsioriK we*re» re*adily made? wifh the? thumb ale)ne*, bttt in the 
cejtirae e»f a f4*w ruontlm the? concre*te sc*(*me‘d te) ge‘t epule* iiard, and 
it was de‘eided tei leave* the wall in place?. Bimilar castes have conn? 
iineler the* obse*rvation oi the authe)r fre)m time* to time*, bo that the 
conditions just eh*Hcril)e*d are by no me*anH exec‘ptionaL 

The? author lias fotmel find ret<‘mpered e*e)nere*te was alme)Ht as 
ge)od as freshly inixeal c<mcr(*te* wlnm the? see^oiul mixing was wall 
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(lone. For walls and lioavy workt rtdeni|H*rt‘d ooneroti* oudst not 
to be obj(H*tionabl(‘ when uscnl in limittn! (jiiaiititi(‘s. In (dfirr wurds, 
iht3 iinironnity of tli(‘ woi'k slundd !tot bo distuiiH*«| !i\ un 

oeeasional batch of concrcde tliat has recci\ed a tliUVnm! trontniont 
from the rt‘st of the work. The inspector, (»f coiiise. uili he 
iLCoverned by the cn.u’iiuaT’s instru('ti(»ns as reirards the line <»f rtdem- 
per(‘d concrete. The author wcmld nM*oiniiiend Ilia! in reinforml 
concrete construction its us(‘ Ih‘ entindy avoidtal. 

Concreting at Night.— The plncimr af reinforeinl coiicrete uork at 
night is fraught with considenible danger and should he molded 
when(‘ver jiossible. It is sometimes ti(‘cessiiry, liowtner, to eoiitimie 
(mncreling into tlie niglit when work of ifiiportiiiice itiiiHl imt be 
stopped or broken off. When sucli Hork as this eniiies tiinler tint 
eliarge of the inspeetor, lie must deptuid on tfie illiiitiiiiiitiofi iiviiil* 
able and take every pn‘eauti(»n to safeguard the itiisplneiiig of steel 
in the forms and the danger of fire from the lights. The ins|i<wtor 
must he constantly on the job. 

A(le({uata lights must la* provided at flit* iiii\'ilig iiifieliifie mid 
throughout the area where tlie concrete k to be pliiced. No night 
work should he permittinl unless .suilahle arriiiigriiieiilH are timde for 
tlie liglifiug of the work. It imn been the iiulliorV priietiee to prt»liildt 
finished concrete work at night, fillhoiigh if the eoiitriielor would 
provide a suOicient number of iirc lights tliero in tin reiisnii why the 
finished work can not he so eieciiteiL 

During the progress of night work extrii preefittliotw iiiiwt he 
taken to see that the material, and especniilly the I'ltiiietil, k |iro|«u‘ly 
supplied to the mixer. It is alno necessiiry to he extrenirly curefiil 
that the work is eiirried on in exiiet iieeordiince witli the i%|MHnf|{ai- 
tions; and the inspector cnmiot he iiiiy too eiirefiil in tliiii res|iia*t« 
Night work should he carried on with as wniill a giiiig iw will iiifitiiti 
the placing of fresh concrete liefore tliat heiieiitli it hm set. 

No concrete should hi» placed at iilglil lint it|i|iro¥nl 

of the engineer. 

Art. 26. Placing, Paddling and Eammiiaf Ooncrttt 

The different tyiH»s of const met ion rcf|iiire iliffereiil niiniiMteitciiit 
of concrete (see page 1H7), mid tlie titetiioil «f ileptwiliiig varkm 
accordingly. Diptwifing concrete iiftcr inbliin m it very 
step in concrete work, and to seciirii tliii llic ffilltiwiiig 

points sliould bn thoroughly tilwerveii 

aBKmtAL EBQVxmmiirfs 

Handlini Ooaewti.—(*oiicriit#, iifter tlie iMldlikiii of m'liter to tlio 
mix, should he htndkid rapidly iiini in ti« iitiiill iw m priic- 

ticable. The amount of concrete tliat sliniilii lie iilnccii iH tmeo 
depends upon the kind of constriicllnti find the kiini **f rcinrretin 
Comparatively dry mixtiirci, wlilcli iii gcticrnl Hliotilil tmly Im mmt 
in maisive, unreinforced work, itiiiy he curried in m. yd. or 
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1 (*u. yd. bti(*k(‘fs, handled with a de!‘ri('k. If lar]Lj:(‘ <ituuilities of 
eonendc* arc* {)hi(*(‘d at a time or in one* phua* in reint'oreed e(meret(‘ 
work, it may eausi* sprini»:in,i»’ of the forms, or it may h(*nd or displaee 
the rcdnforeinii: bars or any rods that arc^ used to l)ra(u* the forms. 

No eoiierelt* sliould be wh(*eled over 175 ft. from mixer to point 
where it is to he <Ieposited, unless absolutely uuavoidal)l(*. Too 
Iouij: a trip for a wheelbarrow or eart must be avoided, unl(*ss proper 
pr(*<*autions an* tak(*n, beeause the licpiid separates from the mass 
and, if in a lt*aky vvlu*elbarro\v% is lost; or if in a tijL^ht iron wheel- 
barreyw or in earts, the workmen oftem empty the ‘\slush,^’ whicdi 
is mostly e<‘ment, elsewhere* than where it ou^dit to a’^). In handling 
and transportinii: c»on(u*ete, it is c*ssential to pn'vent the Hej>aration 
of the Htonc*s from the mortar. If long’ trips are unavoidable, the 
eoneretc^ should be dumped on a small platform, preferably of sheet 
iron, and n*mixed l)y turning over several times, and then shovelt*d 
to its proper plaec'. No wlH*eling should be allowed on the eentering 
or gn*en etmereic*. Itmining wheelbarrows dir(*etly aeross I'cinfore- 
ing rods must not bc» allowed. The whec*lbarrows must not be tilled 
so full as to permit nuudar to slop out. Do not try to save labor 
when dc»positing eorterete, as tiiis has spoilt rnaiiy an otherwise good 
job of eonerete. 

The* (‘onert*te should be handhal cpuc'kly and brought to the points 
of placing by hoists, derricks, concrete hnggies or wheelbarrows (see 
Art. 25). If the concrc*te is to bt* liauled hy laborers in wheel- 
harrowH or carts, the inspector should see that the line of men g(ung 
to the work and that of the men gedng hack to the mixing plac*e for 
more ecmcrete do not get in each edher’s way, and that there are no 
delays at eitimr end of the line to k(»c*p them waiting, 

Wljen eonerete is prc»perly made*, the whole* mass beeomc^s om* 
stone when it Iiiih set, and it is thc'reforc* v(*ry important that the 
placing of the ecmcrete shonld he* eonlinnonH, The* eontraettu* may 
at times Ite recpiircHl to comph'h* the nectioti of work tlH‘n going 
on wit head stopping, even if w'orking overtime is resorted to. It is 
sometime of great importance* that no stop la* made in placing the 
concrede in any portit»n of the work until the dei)lh or thicknc'Hs 
ciillcHl for ia in plac*e. Tins is partic»ularly true of rc*inforcc*d wca’k. 
In contltinous work the Inspcadca* shcadd see that the placing is 
erntdacted in sttch order m will prt»vc*nt the* emnerede first ]dacc*d 
from hecaaning wet before the remainder is plac'cd. Tin* materials may 
he of the hmt and mixed In the proper proportions and mimnew, hut 
if not properly put into place tlaa rc*Hult will he a bad job of eonerete. 

After concrete in taken fnmi tlce mixer or the mixing platform 
it shoubl be p!iu*ed as soon m pcwHible in the forms, as any dis- 
turhfuiee of the mass after the cf*ment has begun to sed clcinudH 
from tlifi ultiniiite strength. A« a rule, the sooner it is plae.ed, the 
better. Hiipidity of execution where cjuick-selting cement is usctl 
is a |H»int wdiich miwi he carefully attended tea Home cemc'nts attain 
their initiu! set in about half an hour aftc*r being wet. A slcnv* 
setting cenieni Hhould Im u«c*d when a long time is likc‘ly tc^ oecur 
between mixing and final placdng. It must always be remendmred 
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that the hardening of concrete is not a drying-out process/’ as 
some are apt to suppose, but is a chemical action caused by the 
addition of water to the cement. The concrete takes its initial 
set” in a short time, and therefore should be deposited in place as 
quickly after mixing as possible. (See page 358.) 

Concrete should be kept in motion until deposited in place. 
Concrete which has been allowed to stand, or has been transported 
in buckets or ears, has a tendency to unmix, and consequently is 
harder to work. The mortar adheres to the bottoms and sides of 
such receptacles, and considerable time and labor are lost in cleaning 
them out. If concrete stiffens in wheelbarrows, carts, or in the 
mixer, it indicates that the cement has a flash set, and it should 
not be used. In other words, the concrete must be deposited in 
the forms before it stiffens perceptibly; concrete held longer than 
that time in either the receiving hopper or the wheelbarrows should 
be wasted. If cement with a flash set has been used inadvertently 
the concrete must be soaked with water until it hardens. 

Concrete may be handled and placed in any way best suited to 
the nature of the work, provided the materials do not separate in 
placing. Excess of water, causing materials to separate, must be 
avoided. In some work which was described to the author lately, 
the cement was found on top and the stone at the bottom of the con¬ 
veying car, the ingredients being entirely separated by the time the 
bucket arrived at the dumping platform. Tlae ingredients had been 
carefully mixed before reaching the ear, but it was necessary to 
dump the concrete and remix by hand before it could be deposited. 
Of course the mixing might just as well have been done once for all 
at the dumping platform. 

Dumping Concrete. —Concrete may be dumped from wheelbarrows 
or carts, or shoveled directly into place. Some men dump the 
concrete directly from wheelbarrows or carts into the structure. 
If the wall is a thick one, or if it is a large pier on a broad surface, 
like a sidewalk or floor (see Art. 51), this is all right. Should the 
wall, however, be thin, or be a column or narrow structure, the best 
way is to take the concrete in shovels from the wheelbarrows and 
throw it into place. 

In depositing concrete in place, care must be taken not to undo 
the work of mixing. The concrete should be dumped as nearly as 
possible in the place it is to occupy in the work. Concrete must 
either be dumped slowly or shoveled out, and must not be dropped 
from too great a height or thrown from too great a distance when 
being placed upon the work; otherwise air will be trapped and the 
resulting concrete will not be uniform. Even tamping will not 
remove this lack of uniformity. The method formerly advocated, 
of dumping concrete from a height of three or four yards, is now 
discountenanced, for the reason that the larger stones in falling 
become separated from the mortar and smaller stones, and ilie con¬ 
crete is not, therefore, homogeneous and uniform. It should not be 
dropped farther than 6 ft. The contractor should be required to 
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furnish suitahh* appliaiU'cs, when lU'eessary, lo deposit eoiierele 
without allowing it an exeessive Free fall. 

(\)nerett‘ should he so deposited as not to injure the forms nor 
the eoneretc* already plaeed. Do not allow e.onerete to he deposited 
in large masses, as fnun large buekets, except under the most favor¬ 
able eireunistanees. Mass(‘s of entrapped water, and even air, have 
been foiuid to have formtal large voids in the concrete work. Jn 
narrow fonns only small (luantities should b(‘ dumped at a time. 

(h'cat care must bc^ UH<*d in dropping iht^ concrete. If the con¬ 
crete is allowed to fall frcady a distatice of stu’eral Feet, or to slide 
down an ineline<l plane, it will be lik(‘ly to Fall in a cone-shaped pile 
and separate the stone From the mortai% which will pile up, the 
result being a layer of broktm stone Followed by a layer of nanlar. 
The broken stone or gravel will roll down the outside of the cone- 
aliap(*d pile. This action is especially bad iti concixde that is mixed 
rather dry. The inspector must insist upon tin* conci*(*tt' being 
deposited in siudi a manner that there will be no separation o(* coarse 
from fine* material. If this separation cannot avoided by sonu' other 
method td’ dumping, then care must be taken to reinix tin' concrete. 

There is one method by which the conende may be dc^posited by 
gravity witlnnit causing a separation of its component parts. Thin 
consists in allowing tlie concrete to slide down a rntdal tube or 
enclosed trongh, but the tul)e musi be kc‘pt continiumsly ftdl, the 
concrete being allowcsl tf) run out at tlu^ bottom only as fast as it is 
filled in at the top (see page 373). This method, however, is only 
applicable where the mixing is continuous, as in the case of machine 
mixers, {Bm alst) Art. 35.) 

In large work, when there is a considerable drop frorn the place 
of mixing to tin* place of dc^posit, tlu' concrede sliould generally be 
lowered in a bucket, ('’oncrete dumped from large buckets shotdd be 
lowcutid as near to tlie concrete as practicable, partieularly when 
deposited (»n concrete which is not older tlian 48 Inmrs, so that the 
bond hetweem adjacent layers will n<»t be lu'oken. Buckets slioidd 
just clear the work when discharged, for if the camcrete is iillovvcul 
to drop, it is liable to jar the forms and displaee the reinforc«nnent 
and lit the same time produce si'parntion of the stona from the mortar. 
Buckeds should not leak and spill conereta over the work. 

Wheelbarrows must not strike the floor in dumping. 

If a receptacle is used to convey ilia concrete, it should lie taken 
out of tlia receptacle in thc^ order in which it is put in. This is 
unavoidable, liowever, wlnm drop«bottom buckeds are used for de¬ 
positing concrete under water, It would be preferable to turn the 
bucket over and dump out its contents. 

Pouring Wet Ooncrete.-“Wet or liipiid eonende must be deposited 
80 that it will not flow along the forms or sweep the reinforemneni 
out of place. Concrete should be poured in the most approval 
manner. That k to say, wet or li(|uld concrete should be so dc»posit(‘d 
as to maintfiln a nearly level t<ip surface, and so avoid flowing along 
the forms. Concrete should be poured at several points over the 
area to be filled, sc» as to reduce flowing and spreading to a mitiimum. 
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When concrete is poured in at the end of a form and permitted 
to run down a slope, there is bound to be a separation of materials, 
the large pieces freeing themselves from the mortar and running 
ahead of it, the slow-moving mortar generally setting before it gets 
an opportunity to cover the fast-running aggregates, thus making 
porous placjes in the mass. Care must be taken in pouring the 
concrete in the narrow spaces of the forms so that stone pockets 
will not be formed. 

Protecting Finished Work. —In depositing concrete, the inspector 
should be diligent to watch that none of the liquid cement, which is 
apt to leak through the joints in the forms, runs down the face of any 
completed brick or stone work, as it is almost an impossibility to 
prevent permanent staining of walls should the cement drippings be 
permitted to harden on the walls. If, by accident, the cement should 
run down the face of a finished wall, the drippings should be at once 
scrubbed off with a copious supply of water before the cement starts 
to set. Vigilance on the part of the inspector in this matter will save 
much annoyance later in getting the work properly cleaned. Care 
should be taken that the liquid cement does not enter the holes of 
sockets, etc. (See pages 289 and 337.) 

Time of Placing Concrete. —The time elapsing between mixing and 
pouring the concrete must be well within the time-set of the cement. 
As a rule, the elapsed time should not exceed 30 to GO minutes 
between wetting the cement and placing finally the batch of con¬ 
crete. Generally concrete should be placed in less than one-half (%) 
hour after mixing. Some specifications restrict it to 10 minutes. 
The inspector, however, should be guided by tests in establishing a 
limit beyond which any concrete once mixed shall not be used in 
the work. The concrete takes its ^ initial set^^ in a short time, 
and therefore should be deposited in place as quickly after mixing 
as possible. Concrete mixed for over one hour shall not be allowed 
in the work. 

EehandHng Concrete.— Concrete should be so placed as to avoid 
an unnecessary rehandling within the forms, if possible to do so. 
In other words, the pouring should be done directly from the 
wheelbarrows, carts, or buckets if possible; dumping onto shoveling 
boards and shoveling makes an extra operation. Where shoveling 
boards are necessary, take care that they are placed close to the 
forms being filled, as it is wasteful of time to cany concrete in 
shovels, even for'a half dozen paces. 

Preventing Concrete from Setting Too Rapidly.— Care should 
be taken not to allow the first concrete placed to appreciably stiffen 
or^ set before the remaining concrete is placed. The remedy for 
this is to occasionally, or as often as is necessary, add a little more 
concrete to that already placed over all exposed surfaces. 

Placing Concrete under Water.— No concrete should be laid in 
water except under the instructions of the engineer in charge of the 
work, and with special permission for each case. Depositing concrete 
under water is discussed in Art. 36. Concrete should never be placed 
in running water without protection from the washings thereof or 
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allowed to eome in eontiud while l)ein^ deposited, with contanuuatc'd 
water, oils or strong’ alkalis. 

Order of Placing Concrete.— (\)nerele should he placed in the 
positions ns diriHdinl hy tlu^ engimnu*, and the order of placing’ must 
in all cases be as direcdcnl hy the engineer. 

Work Divided into Sections. -The work should he carried up in 
sections ot conveuumt ludght and length, and the s(‘ctions comphded 
without iutennissiun ns far as practicable. In no ease should work 
on a section stop within eighteen (18) inches of the top, or any face. 
(See Art. 2d.) 

Manipulation of Concrete (Compacting) .—The concrete should ho 
deposited in such a rnauuer as will permit the most thorough com¬ 
pacting, such as can he obtaimal by working with a straight shovel 
or slicing tool kc*pt moving up ami down until all the ingredients 
have settled in their proper places hy gravity and the surplus water 
has l)C‘en forcc'd to tlie surfacf* by ramming, or otherwise compacted 
80 as to make a (hmse and compact mass. The manner and extent 
of tlie compacting should be satisfactory to the* engineer. All con¬ 
crete should he either tampcnl or puddled whenever praeticable. For 
dry anti nu'diiun mixtures, thorough tamping is necessary iti order 
to obtain a solid mass, A W(*t mixture, in place of being tampcul, 
is spaded or stirred (puddled) hy contimious working with a suitable 
tool. A dry mixture is spaded <mly aromtd tlie edges of the mold, 
but otherwise tamped tmtil a moisture iippcairs on top of tlie cimciade. 
Evan wiili very wet mixtures [wekets or voids may occur uuI(‘hh tlie 
mass is puddhaL (He<^ page* 245.) 

When placing the cenert^ie there must always he om* man dedailed, 
or more if tlie engincau* so ord(*rs, whose duty it will be to do 
tamping or puddling exelusively, following up the shovelers or dump¬ 
ers ns they place the concrete. In gmieral, the* methods sliould he 
such as to give a compact, dc‘nse ami impervious coneretc*. 

Notes should Im made of any cracks that may appear in concrete 
due to forum expanding, contracting or settling. (Bee page* 212.) 

Placing Concrete in Layers.—Fxcepting in arch work (sci* page 
31(1), concrete Khcnild be deposited in horizontal layers of uniform 
thickness, (’are sliould be taken that the concrete is placed in even 
layers. Layers of concrete must not be tapenal ofY in W(»dge-Hhaped 
solids, but should he built w^ith scpiare ends, temporary planking 
being placed at ends of pnrtiid layers, so that none will nm out to 
a thin edge. In order to avoid horizontal Joints it is necessary that 
each layer should he deposited ladbre the ^MnitiaF^ s<‘t of the pre¬ 
viously deposited layer, and sluudd he left somewlial rough to insure 
bonding with the next layer almve, and should he of such tliickness 
that it can be incoriairated witli the one previously laid. The 
surface of the top layers sliould he leveled witli a straight edge, 
or in any other suitable manner. No loose stones or porous places 
slionld be left on the surface of any layer, hut such places must 
be filled with inertar, and the ramming repeatc*d until wet mortar 
Hushes to the surface. lu other wonls, tin* layeis should be kept, 
in g€meml, as nearly horizontal as may be during the process of 



296 


INSPECTION OF CONOBETING 


placing, one layer being completed before another is started, and 
layers of concrete must not be run out to a thin edge. The layers 
should be carefully watched, particularly in dry weather, to keep 
them from drying out too fast, and sprinkled if necessary. 

See that the workmen when leveling o]ffi the concrete as it is 
deposited do not scrape it with the point of the shovel, thus scraping 
a lot of the aggregate out of the mortar and depositing it with 
no mortar in one place. Have the work leveled by spading and 
shoveling the concrete from the high into the low places, taking 
mortar and aggregate at each shovelful. 

Staggering Layers of Concrete. —^Layers of concrete should not be 
tapered off, but be built with square ends, and when, from any cause, 
it becomes impracticable to complete a layer, a plank of convenient 
width should be secured to the form, against which the concrete 
should be rammed, thus making a veidical joint. Should it become 
necessary to start a second layer at once, it should stop short of the 
first plank at least 12 in., when a second plank should be secured in 
the same manner as the first, and the concrete rammed against it, the 
layers being carried up full thickness to the board, and left rough. 
The ends, where a full layer cannot be laid at the time, should be 
squared off in every ease by vertical temporary planking. 

Thickness of Layers of Concrete. —The thickness of layers depends 
upon the character of the work in hand. Opinions differ as to the 
thickness of layers in which concrete should be deposited. Some 
advocate thick layers, some thin ones. The inspector, of course, will 
be governed by the specifications or by the engineer’s decision in 
the matter. 

A mixture which does not quake in the wheelbarrow should be 
deposited in layers not over six- (6) inches thick and thoroughly 
tamped. Concrete has been rammed in 3-in. layers, however, very 
seldom, because, whatever care may be taken, the joints between the 
layers are always a source of weakness. Layers thicker than 6 in. 
for dry concrete should not be attempted unless a large number of 
men are employed in mixing the concrete, as otherwise the deposit¬ 
ing and ramming a greater thickness may take so long that the 
lowest portion may have begun to set before the men can finish the 
upper part, and this will cause a disturbance of the setting, and 
consequent weakness. The reason for comparatively thin layers in 
rammed work is so that the ramming will be eJffective. In special 
cases, where the concrete must be placed on steep slopes, a dry 
mixture in 4-in. layers should be used. 

A quaking mixture may be deposited in layers 10 to 12 in. thick, 
and should be puddled with a square-pointed spade. Even thicker 
layers of wet concrete may be placed at once in mass work, if it 
can be done without leaving air pockets. 

Puddling or Churning Wet Concrete. —^If the concrete is mixed 
either dry or plastic, it should be compacted by ramming (see page 
299) ; and if the concrete is wet it should be stirred, to allow tlie 
entrained air and surplus water to rise to the surface. The stirring 
or 'Spuddling” may be done either by plunging a rod up and down 
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in it, or by men wearing: rubber boots walkinc: around in it. Pud¬ 
dling should be Ihorougiily done so as to work out air bubbles and 
pockets and brin^ the concrete into close contact with the reinforcing 
si eel at every point. In reinforced concrete, where wet concretes 
must be employed, it is important that the concrete be poured in 
Buch way and in such amounis as not to cause air pockets to form. 
Tlie same is true of any concrete that is to be impermeable (see 
Art. 47). Ratnming is not essential in such concretes, as puddling 
is quite as effective as ramming, if j)roperly done. In fact, if the 
concrete is of such consistency that it can be rammed it is unsuitable 
for reinforced concrete work. The object is to get all air and surplus 
wafer out of the mass, and a sharp continuous agitation is more effect¬ 
ive than blows from a rammer. 

The wet concrete should be thoroughly churned after it has been 
deposited in the forms. Forks, spades, or other suitable instruments 
sliould be used for this purpose. These implements should be small 
enough to enter well into the spaces between and around the 
reinforcing steel and make the concrete flow into the corners and 
along all faces of the walls. In concreting, strike the bars, in prefer¬ 
ence to the concrete between the bars, with the tampers. In other 
words, bars should be lightly tapped to assist the settlement of 
concrete under and around tliem, and must be entirely encased in 
concrete, care bdng taken to insure the coating of the reinforcing 
metal with mortar and the thorough compacting of the concrete 
around the bars. Pare must be taken to avoid displacing the re¬ 
inforcing steel. Care must also l)e taken to see that the bars are 
thoroughly embedded in ilie concrete. Do not allow a lot of the aggre¬ 
gate free from mortar to gather around the bar, but see that the 
mortar comes in contact with the bars over their entire surface and 
is packed solid. Jarring of bars must be carefully avoided when the 
concrete begins to set. 

Tlie inspector sliould insist upon the concrete being well spaded, 
for only by thoroughly spading can air bubbles be worked out. The 
stones should be carefully but judiciously spaded away from the 
face; too much and unskillful spading will permit an upward flow 
which will wash tlie cement from the concrete at the face. In other 
words, excessive puddling or churning is injurious; it drives the 
stones together and forces the sand and cement to the surface. 
Puddling of wet concrete should be performed to only a moderate 
extent, just sulhcient to exped the air. With very wet concrete 
poured in mass work it is not unusual to tamp or puddle it, except at 
the face that is to be exposed, for the purpose of forcing some fine 
material to that face so that, it will present a smooth surface when 
the forms are removed, (’'arci must be taken, however, not to pry on 
the concrc'te so as to spring the forms. (See Art. 41.) 

Tools for Puddling Concrete.-— With wet concrete, the so-called 
rammer may be either a round wooden rod 2 in. in diameter or a 
piece of scantling having a 2x4~in. face at the lower end and rounded 
at the upper end for a handle. A good tool to use for puddling con¬ 
crete is a spading fork, which is usually made the shape of a spade, 
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but with tour or iuore prouirs. hi nnrrtnv hu'uis, of a Hpath* a 

hoo niay bo usod, wi(h tlu* hhult* lH‘ut nonrly in iiiu* uitli Hii» 

or a soantling’ sliar|K‘iuMl to an t*»!.u'o is mU i>fai*tt»r> {svv hHo|. 

Obtaining Smooth Face for Exposed Surfaces by Spading.--- 
Fac'OH (‘xposed to vit'W uiny ho niatio sniooih by tiiru.Htini^ a M|naro- 
poiut(‘d spadt‘ or a thin tool, likt' a sidownlk sornpoft tliroiiidi tin* 
oonoroto (dose to tho form to foroo hark tln» lari^or .hIcuioh and 
prevent stone ‘^pookcds/^ Faro imisl bo Inkoii in roiiiouii»r the 
lar^o stont's or pohidos fnun the faro to prtnotit an upuard flow 

whi(di will wasli the oonnuit from the oitiierotit iil I lie faro. The 

finer mixture must la* lluslied against the foriiw. If is soiiiotiiiioH 
eiiHlomary to specify that no S(*parale facing and no |ibiMtoriiig will 
be allowed, and when tlie forms are roiiitiviMl, n sfiMMitli iiiirfiioo, free 
from voids, will he reifuired, ami pointing of litilos ill the fao*^ iiiiist 
be reduced to a minimum by the above motlioiL fK«*o Art. dtk) 

In the ease of a dry mixture, **spading’’ iiiiml lie iloiie with 
greatest care by experienced liamls to gef iiiiifortii results. Biicb 
special rammers and forks simulcl he used near liie siirfiiet* iis niiiy 
be reipured to give the tlesired finisli. fSee Arf. 41, page IIH4.I 

Obtaining Smooth Surfaces with Eich Mortar.' Kitiootli 
may be obtained by spreading a thin layer of rieli iiiorlar il pari 
of cement to 2 or 3 parts of snnd), about 1 in. tliiek, tiver a ^eeiinit 
of the area to be concretial abroad of tii© rf»*ittliir niixfiire, The 

thickness of mortar facings shoukl not exeeetl I * ^ in., inir be lea^ 

than % must be taken to rintiove froiii I lie foriiw I be 

dried mortar which splatters iigaitwt llietti, in unler to nwnire a 
perfect faee. 

Placing Mortar Factog and Backing Slmulttn#ouilf.--- It Mitiitv 
times cuHttunary to plaet* the niorfitr fiiciiig iiini Iniekiiig 
naously in the same horiwniial layers, Iii order to fittiKe the tliick- 
ness of the mortar facing aecnriitely, ti liglil lioiirti or iliiipliriigfii of 
thin metal with con^’enient Imrulles slitiiiltl li# #e| tin eilifc iifinillel 
to and (1 or 1% In.) from the froiit of the forfiw, fHee 

page 3B7.) The facinf maleriiil Is tiepcwileii tii tlie lintmeeii 

this board and the form. The ccitierete of llie biii»kiit« llieii 

be deposited and spread against tliii hiiek of tlii« liniirii. whieli ttmy 
then he withdrawn and tliii wholii tniii'K liitiroiigiily m$ «« 

to bond the mortar facinf fitnl liitekittf liy iliwfreiving tin* »tirfiire 
(lemarciation between tliemi but no atiiiiii iiiiiiit la* fiircpil iinirer t« 
the front wall of the form tlniti % in. Meiw^nry ilevliititiii.i% frorn 
tins method may bi iidopteil on the spprovttl of ilnf rare 

must b§ taken to riimovt front tlit ftirtiw Ifii* ilrirfl itiurtiir ifliirli 
spattei’s agfdnit thtm, in order to wirtiro a la^rfert fiiee. 

Art. 41, page B8II.) 

By using the mital ciitpltrapti or lifflit laiiril in lliti itittiiiier iilicivi 
deseribid, the face of iincli layer fiiay Imi iwflii, iimetly lli# rifilil 
amount of mortar anti lint pro|H*r aiiiotiiit of tliti layitr iiiiiy ki 
amimtely dtterttiintd. The Ittleiilion m that lb# fiieiiig tmi ilie 
backing should be rammed atid lugethitr. In ii« in tiiic to 
be put in in advance of tltti ollitri «ci tlntt eitlier iiuty fK*l tht 
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other. The faeioi!; sliouhl sluuv a smooth, dense suiTaee, without 
pits or irrea-ularil i(‘s. Tliis is most likc^ly to be seeured l)y thorou;L>:h 
and syslematie ramniin.<>'. Tht' faein^^ mortar should })e of the same 
eoniposition as the mortar iis(*d in the eonerete back of same. 

In places whore tlie above method cannot be used, as the under 
surface of arches, th(‘ same end should be attained by methods 
satisfactory to the eng:ineer. 

Kefinishing Mortar Facing.~Tn no case should any work be 
finisluHl by pinsteriniy mortar or concrete which has set; but should 
it bi'corne necc'ssary at any time to retinish a surface which has set, 
it Hluadd l>e pickc'd (dT so that at least 3 in. of mortar can be added, 
and the surrac(‘ ()f the old concrete should bo roughened and 
th{»r(mKhly wet before new material is added, such new material 
bein^ mortar as specified for facing. (See Art. 30.) 

Ramming (Sometimes Called Punning) of Concrete.— For some 
unaccountabh^ I’c'ason, most of the older specifications specify that 
the concrcde‘ shall not b(‘ rammed or tamped after being put in 
place, ami in order that it may be, to a certain extent, solidified, it 
was specified that it sbould be dumped in place from a certain 
height. Nothing could have l)een more erroneems than such ideas. 
The concrete sliouhl not i>y any nnuins be allowed to fall a consider¬ 
able height. Such a fall ttauls to 8(‘parate the large pieces from 
the smalhu*, and thus r(‘sults in a lack of uniformity in the concrete. 
T}h» concrete should he put hi place with care, and not allowed to 
fall more than six (fl) feet if possible. (See page 305.) 

In placing diy c<mcret(‘ in layiu's, see that the layers are of the 
retfuired thickness (see page 2fK)), evenly spread and properly 
rammed. Hach layer must b«' thoroughly rammed and consolidated 
HO that no void spaces are left. The advantage of suitable ramming 
is obvious. It compresses the concrete, rendering it more solid 
and free from voids, and H(iuec‘5'.es out all superfluous wat(‘r. Ram¬ 
ming, \vhei» properly done, consolidates the mass about 5 or (1 per 
ctmt, remhTing it h’ss porous, ami very materially strongc^r (nearly 
fifty p<‘r emit). The inspector must insist upon the tliorough ram¬ 
ming ami compacting of all dry concrete, as the value of the work 
largely depends ufum the completeness with wliich this highly im¬ 
portant part of the work is (lone. Too saveme ramming, liowever, 
wtien tin* concrete is dry, is diingerous, as it will force the larger 
stone to the bottom, and, if the ramming is continued too long, the 
setting will he delayed and tfie strength permanently impaired. 

The amount of ramming which can be done will depend upon 
the amount of water used in mixing. If too much water has been 
used in mixing, it will be impossible to compact the concrtdc* by 
ramming. In fact, vtuy wet concrete cannot be rammed at all. Even 
with a small amount of moisture a thin skim of water will appc*ar 
on the top wliile tamping; this indicates a sndicient degree of com- 
fiactnesH. Tf too mucli water is presemt the* top will be flooded 
with a half inch, or more of water mixed with pure cement, which 
will be forced up with the water, or a more or less semi-fluid pasta 
will form on top. This will generally be accompanied with a spongi- 
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ness and a springing or wave-like motion of the concrete mass. This 
indicates that the concrete is too wet; also, that much of the ce¬ 
ment has been brought to the surface, thereby reducing the strength 
of the concrete; and, furthermore, that the stones have been driven 
in too great proportion to the bottom. This will always occur in 
soft concretes even when not excessively wet, if the ramming be 
too heavy and long continued. With the concrete of the proper 
consistency, the author has found that a rammer not too heavy to 
be handled by one man will sufficiently compact the concrete. 

The ramming must be completed as the work progresses. In 
no ease should concrete be permitted to remain in the work if it 
has begun to set before the ramming is completed. The ramming 
should be done quickly in order to avoid the possibility of layers 
setting before completing them, but the tamping must be done 
thoroughly and not slighted. Concrete made with a quick-setting 
cement should be rammed very little, if at all. With such cement, 
there is a likelihood of the ramming being continued until the 
cement has begun to set, and the result will be a loss of strength. The 
quaking of concrete in tamping indicates that it is too wet. 

The concrete should be carefully compacted around tlie steel re¬ 
inforcement. It is necessary to tamp concrete very carefully. If not 
properly tamped, the shrinkage which occurs as the concrete settles 
drops the adjacent layers away from the reinforcement. This often 
forms a plane of cleavage at the reinforcement, so that the layer 
designed to afford adhesion and to give fire protection has been 
known to fall away of its own accord. 

The bottoms of tamping tools should be kept clear of hardened 
mortar so as to pack the concrete with flat surfaces. No mortar 
that has been prepared for the purpose of forming a new batch of 
concrete should be taken to plaster any rough or improperly tamped 
places tiiat may appear in the work, as ramming or tamping should 
be the only means employed to obtain a smooth and regular sui-face. 
There are two tricks sometimes employed to make it appear that 
this condition has been fulfilled. One is to scrape off the mortar left 
adhering to the mixing board and throw it on top of the concrc'te 
already in place. The other is to shovel the concrete up higher 
than the finished surface and then bring it down with a rake, the 
stones being pulled out and the mortar left on top. Of course 
neither of these tricks should be accepted as a substitute for the 
proper amount of tamping. 

Concrete should be laid and rammed in layers, as far as prac¬ 
ticable, normal to the direction of the pressure it carries. 

Care should be taken in the jamming not to displace any 
braces, ties, forms, pipes, or other embedded fixtures. 

Any portion of any layer of concrete which has been left long 
enough to have any appearance of setting should be taken up and 
relaid before the next layer is put on or may be treated as follows: 
When a fresh layer of concrete is to be put on one which has set or 
partially set, the entire surface must be thoroughly swept with metal 
brooms or brushes. The skin or film usually forming on tlu‘ sur¬ 
face of the concrete must be completely scrubbed or steamed away. 
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All surfaces and pockets must be cleaned of all sawdust, shavings 
or other matter, and when completely cleaned, it should be thor¬ 
oughly wetted before the new layer of concrete is placed. 

Do not attempt to ram concrete under watery the cement will 
be washed off the sand and stone. (See Art. 36.) 

Force of Rammers and Shovelers.— -For distributing and ram¬ 
ming the concrete in place after delivery, a sufficient force of ram¬ 
mers and shovelers should be maintained for each mixer in opera¬ 
tion to handle the concrete rapidly and ram or tamp it thoroughly 
before another batch is dump(‘d within the forms, and when this 
labor is specially severe, the inspector should require the changing 
of men so employed in order that this part of the work may be 
thoroughly })erformed. In fact, effective ramming is hard work at 
which a workman should not be kept for more than an hour, when 
he should be changed to wheeling or mixing concrete. The men, 
if standing on the concrete, should wear india-rubber boots to pro¬ 
tect their feet from corrosion by the cement. 

A gang of tweh'e men will ram well and easily a cubic yard of 
concrete in six minutes in straight ordinary work. This gives an 
area of six scpiare yards 6 in. thick. 

Time Required for Ramming Concrete. —The length of time ram¬ 
ming or tamping should be eontinixed and the vigor with which it 
should be done de])end largely on the degree of plasticity of the 
concrete. Too much tamping is to be avoided, as it separates the 
mortar from the stone, bringing the former to the surface. The 
ramming should be stopped when the water flushes to the surface. 
In other words, a flushing of water to the surface should always 
serve as an indication when to cease tamping. The ramming or 
tamping in one spot or locality should occupy not less than three 
minutes and not more than five minutes as a general rule. 

Tools for Ramming or Tamping Concrete. —Rammers are used for 
compacting the conende. Tliey may bo made of an oak stick IS in. 
long, 4x4 in. at the toj) and 3x3 in. at the bottom fixed to a handle 
at the top. Scpiare wooden rammers measuring from 6 to 8 in. on 
a side, or round ones from 8 to 12 in. in diameter and weighing 
between 10 and 12 lbs., are (piito often used. A rammer having 
a 2x4-in. face is convenient for use close to the forms. 

Rammers are fixHiuently made of wood, but those of iron arc 
believed to be better. The rammer ordinarily used for dry or 
plastic concrete consists of a block of iron having a face 6 to 8 in. 
square and weighing anything up to 20 or even 30 lbs. A con¬ 
venient rammer is made of an iron casting, 6 in. scjuare, having a 
handle of 1-in. round iron, or IVa-in. pipe, about 5 ft. or bVa ft. in 
length, which should weigh in all about 20 lbs. Twelve-pound 
metal rammers are also used, especially where only light tamping is 
required. For large work, pneumatic rammers built on the prin¬ 
ciple of pneumatic riveting machines have been used. The weight 
of a rammer is limit(‘d by the capacity for work of the man who 
wields it. Rammers havc^ been made up to forty and even fifty 
pounds in weight. The rammer used need not be very heavy. 

In all cases, tampers should be of such form and material as 
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the engineer may approve. The tamping tools should he at least 
6 in. square at the bottom and should not exceed 18 in. S(]uare. 
Rammers of special shape or pneumatic machines may he required 
by the engineer to secure thorough work in different places. Special 
shaped tampers will be required for places where ordinary tamj^ers 
would not be effective. Bevel rammers are necessary for the backs 
of arches; railroad tampers for heavy mass work; short-handled 
rammers in confined places and long-handled rammers in columns. 
In other words, there should be rammers of different sizes on the 
work, so as to be able to ram the concrete in all places. The sur¬ 
face of the rammer is sometimes corrugated, to keep the surface of 
the layer rough and thus give a better bond with the next, and also 
to transfer the compacting effect of the blow deeper. 

Round and square iron tampers are the best for dry concrete 
work. Probably the square tamper is more serviceable for all kinds 
of work, because it will fit into corners. 

Concrete to Be Free from Voids. —The concrete must be so 
thoroughly compact that there will be no pores or open spaces between 
the stones of which it consists that are not thoroughly filled with 
mortar and every effort should be made to secure the greatest 
possible density of the mass. 

Tapping Forms to Produce Smooth Surfaces. —In addition to 
tamping or -puddling, the forms of all concrete work—i. e., beams, 
girders, columns, etc.—should be lightly and continuously tapped 
with a suitable maul, in order to provide smooth and perfect sur¬ 
faces. The outside of the forms should be pounded with wooden 
mauls or mallets immediately after receiving the concrete, to assist 
in shaking down and consolidating the concrete by breaking and 
forcing out air bubbles. This tapping must be done gently, however, 
to prevent the breaking of the formwork which at such times is under 
great pressure. 

Removal of Defective Concrete. —^Any concrete work indicating 
that it has not been thoroughly mixed in the required proportion 
should be dug out and replaced as directed by the engineer. The 
inspector, of course, will be governed by the engineer's decision 
in the matter. 

Wetting Concrete. —When a deficiency of moisture is indicated 
after ramming is completed, it should be supplied by sprinkling 
with a fine spray of water. After ramming, a surface of concrete 
should be kept moist until it fully sets by sprinkling at short 
intervals. For this purpose not less than one large watering pot 
for each mixer should be kept in constant service, and as many 
more as may be required, (See Art. 29.) 

No Walking on Fresh Layers of Concrete.— When in place, all 
wheeling, working or walking on the concrete must he prevented, 
until at least twelve hours after being deposited qr until it has set 
for a sufficient length of time. Protection of concrete after placing 
is discussed in Art. 29. 

Excess of Water in Concrete.— An excess of water is detrimental 
to the concrete, as it brings a layer of cement which has already 
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set to the surtaeo, i‘()rnunj.r a point of weakness in the (inislu‘<l 
work, unless it is well seraped otT bel’ore tlu‘ next layer is (U'pos- 
ited. If one or more bat(du‘s are too wet, a eompai’atively dry bat eh 
or mori‘ should be mix(‘d to take up the surplus watcu*. 

Introduction of Cells in Mass Concrete Work.—Wliere wei<»ht is 
not desirable, cells may bt» inlrodueed in the mass, formed either by 
(‘heap hemloek boxes, which can be. left in the work, or by col¬ 
lapsible boxes whicl) can be withdrawn and used over ain’ain. When' 
weijLcht is (h'sirable, lar^^(' stones may be rammed in the heart of the 
mass, as (h^scribed in Art. 34. 

Eecord of Concreting.— “The eoncnde foreman should be recpiirc'd 
to mark in ink upon th(' plans the date and hour when each part 
of the work is concreted. This must be attended to every time 
coucretinii: is d<me, and it must not be put oil’ until some con¬ 
venient tinu' and tlien tilled in from memory. The n^nstm is obvious. 

Sample Blocks of Ooncrete.~A sample block of concrete' should 
be taken from the wheelbarrow durinij: each day^s work, to make 
sure that the concrete tested is exactly like what is used. This 
sample should he poured into a box, say dxdxd in. or 5x5x8 in., and 
the box should Ih' dalcnl, or belter still, the hloeks should have 
their date' and tiu'ir nurtdjer seraiehed on (heir sidt‘ surfaees, and 
tlu'ir liistory fully rt'cordt'd, and kt'pt so as to obtain tlu' same eli- 
matie eonditions as thc^ ori|i:inal. That is to say, (*ach sample bloek 
must be t‘X|)(wc‘d to (1 h» same weather eonditions as the coner(*iin|i^ 
whieli it represents. This will serve* as a general .icnidt' to deter¬ 
mine the eomlition of tlie concrete licfon* cenleritm’ is n*moved, 
although these blocks will not always liiinhm at the* same rate^ of 
spei'd as does the concrc'tc in the stmeture. No practice is more 
dangerous thnti to take* down forms and slmreH fi’om under the con¬ 
crete because of the iiar<lnc*HH of the eorrc'sponding test hloeks. (See 
page 248.) The author woidd suggest that signs be plaeed over 
the boxes contaitdng the samph* blocks (d’ concrete*, warning all 
workmen against moving these boxc's or tantpt*ring with (lie con¬ 
tents; otherwise workmen are likely to pay little attention to this 
atid constant watching on tlie part of the inspector is tua'cssary to 
guard against their removal. 

Cement Fini&k.--AVhcn the cement finish is 1(*hh than 5 in. thick 
it must be dejamited, practically Mimultanecmsly with the concrete as 
described cm pages 2hH, 384 and 3H5, The tinish must conform to tin* 
specifications and the drawings (see (3iiip. Vll). The preparation 
of tlie camcrete for a cc*ment flnisli must be the same' as that speci(h‘d 
for tile joining of new to old concrete work (see Art, 27). The* face* 
must he sprinkled with mmt cement after it has been earefnlly ch*aned 
of all foreign tniitter. (Hee also page 483.) 

TUkOma CONOBBTB IK EXCAVATIONS AND FOUNDATIONS 

(%)ncrete should be placc'd in exeivations by means of cdiutes 
or other apfdiances to prevent an excf'ssive free* fall (sec* Arts. 35 
and 30). The contractor should bt* expressly prohibited from using 
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methods that will cause separation of the ag’greg'ate and matrix unless 
with special permission of the engineer in charge, and in such eases 
the concrete should be thoroughly remixed before being* placed. 

When used for foundations, concrete should, when practicable, be 
deposited and rammed against the sides of the excavation. 

Foundations below Water Level. —Where concrete is to be put 
into a foundation below water level, all water should as far as 
possible be removed from the excavation. If it is impossible by 
means of the ordinary pumping facilities to control the flow of 
care must be taken to ram thoroughly the bottom layer of con¬ 
crete may be placed in the foundation, section by section. Special 

care must be taken to ram thorougdily the bottom layer of com 

Crete, and to remove all mud and clay from the vertical face of 

each section of concrete, as additional sections are excavated and 
prepared for additional concrete work. 

Where the foundation is soft—as, for example, where piles are 
used—either fine or coarse broken stone may be spread over the 
bottom of the excavation and thoroughly rammed into the earth 
before putting in any concrete. 

In no ease should a dry mixture of sand, cement and broken stone 
or gravel be put into a foundation. The cement may be mixed 
with a less proportion of water, but must not be placed in the 
foundation without thorough mixing. 

Where strata or gravel and sand permit the entrance of water 
into the foundation with such freedom that small sections of the 
same cannot be excavated and pumped out for concreting, a grout 
of pure cement or of a mixture of cement and one or two parts of 
sand may be injected through a pipe into the loose gravel and sand 
in the bottom of the foundation; this work being done while the 
excavation is filled with water. The pipe through which this grout 
is passed should be pushed a few inches below the surface of the 
gravel, and a bucketful or more of grout should be poured down 
through the pipe, the pipe being then moved 1 or 2 ft., and the 
operation repeated, distributing the grout over the whole area of 
the bottom to be thus cemented, and the work then should be 
allowed to stand for 24 to 36 hours. It will generally be found that 
the sand and gravel will be converted into a water-tight concrete, 
permitting the pumping of the excavation. 

Foundation Concrete. —^In foundations on poor soil, etc., where 
low grades of concrete are employed, it is important that they be 
thoroughly mixed and be deposited with particular care so as to 
assure uniformity and as great solidity as possible. 

Foundation concrete may be put into excavations without the 
use of forms, provided the sides of the excavation are reasonably 
true and the material is sufficiently firm, so that the concrete may be 
rammed thoroughly without yielding of the adjacent earth. Founda¬ 
tion concrete, if put into excavations which are not protected by 
forms, need not have any special attention given to the finish of the 
concrete against the earth around it. 
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Where it is necessary to use forms in the construction of foun¬ 
dation work, the finer material of the concrete should be worked to 
the outer portion of the mass against the forms, so as to insure the 
filling* with mortar of all pores or open spaces between the con¬ 
crete stone. Where a cheaper kind of concrete is used for founda¬ 
tion work, the top of the same should be finished smooiJi and 
level, the corners and edges being thoroughly rammed and com¬ 
pacted, and the whole surface filled full of mortar. It will not 
be satisfactory to leave a honeycombed surface or one on which 
loose concrete stone is left scattered about. If necessary, the in¬ 
spector should have the contractor make batches of mortar, con¬ 
sisting of one part of cement to three parts of sand, the same being 
thoroughly mixed, and should cover the whole surface of the foun¬ 
dation concrete with enough of this mortar to flush full all such 
open, porous places. 

Pouring Concrete in Trenches.—When placing concrete in trenches 
containing water, as much of the water as possible should be bailed 
out, the concrete then being deposited from one end of the 
trench, driving what water is left to the other end. When water is 
gathered in this way, it may be taken up by placing some dry 
concrete. 

Concrete should be lowered into trenches (over 6 ft. deep) in 
boxes or buckets, and not allowed to be cast in by shovels from 
the surface. The engineer may require, instead of buckets, that 
the concrete be dumped in inclined chutes (see Art. 35), the angle 
of the incline to be determined by him. The inspector, of course, 
will be governed by the engineer's decision in the matter. 

Wetting Dry Trenches. —Before the first layer of concrete is 
put into the trench, the bottom of the trench must be thoroughly 
sprinkled with water from a hose, so that the water in the concrete 
may not be absorbed. 

Footings. —Quite commonly, the hole or trench is excavated to 
the approximate size of the footing for cellar walls, columns, etc., 
and the concrete dumped in the hole without forms of any kind. 
Such practice is not to be recommended unless the ground is very 
stiff. On the contrary, as the stability of the entire building de¬ 
pends upon the integrity of the foundation, the greatest care should 
be taken both with the forms for the outside, with the banks of 
the excavation so that dirt will not fall into the footing, and with 
the proper placing of the steel. The latter should be protected 
with not less than 3 inches of concrete, preferably more, and the 
concrete around the rods should be rich in cement and dense, so 
as to exclude water. 

In starting the footings, use a wet concrete, into each batch of 
which an additional bag of cement has been placed, for the first foot 
of height of the footings. Some constructors prefer to use dry 
concrete and to omit the additional bag of cement in the first batches 
for footings. In this case, the concrete should be mixed just wet 
enough to have the water flush to the surface when tamped. This 
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is not on account of considerations of strength, but because mod¬ 
erately dry concrete sets up quicker than wet concrete and is rather 
more convenient to handle. 

Before placing concrete in cellar wall footings, it is a good idea 
to drive stakes in the trenches about 6 ft. apart, with their tops 
leveled to give the exact height for the top of the footings. The 
concrete can then be readily leveled with the tops of these stakes, 
which may be left in place without harm. 

Footings should be cast at one operation where practicable, and 
the concrete deposited in layers not exceeding 10 in., and each layer 
thoroughly tamped or puddled. In other words, fill each footing, 
especially for columns, in a continuous operation until it is full; 
short intermissions of time not sufficient to permit the concrete to 
stiffen may be disregarded and considered as continuous filling. 

The top surfaces of concrete footings, when finished, should be 
brought to a smooth, even surface, and should be finished with cement 
mortar, if necessary, to bring them to such a surface. If metal 
base plates are used under the columns, special care must be taken to 
prevent hollow places under the plates. This is best accomplished 
by setting the plates in a thin grout 1:2, examining afterwards each 
plate by pounding with a hammer or a brick. 

Reinforced concrete footings cannot, as a general rule, be con¬ 
veniently placed under water, so in a wet excavation it is advisable 
to use plain concrete footings of imple dimensions to meet all 
emergencies. 

PIACING CONCRETE IN COLUMNS AND WALLS 

Columns, walls and other deep masses i-h^'^uld be given a chance 
to attain preliminary shrinkage before depositing adjacent shallow 
masses like floor slabs, beams, etc. 

Size of Aggregate. —In columns, walls, etc, the aggregate should 
not contain particles of maximum diameters greater than one-third 
(1/3) the diameter between faces of adjacent reinforcing members, 
or between faces of forms and reinforcement. Otherwise voids may 
be expected through arching of pieces of the aggregate. Gravel is 
less liable to do this than broken stone. 

Consistency of Mixture. —Concrete for columns and curtain walls 
should as a general thing be softer than concrete for slabs and 
beams. In other words, a comparatively liquid consistency of con¬ 
crete should be used. It should be such that there is not quite 
enough water to wash cement from aggregate when dumped in 
large masses. 

Pouring Columns. —The greatest caution and vigilance must be 
exercised in filling columns. To start with, it is not sufficient to 
inspect and clean out the foot of the column box just before pouring 
(see page 216), but look through it while open and lighted below, 
and assure yourself that no piece of wood or tile has fallen and 
wedged somewhere. Upon inspection, reinforced concrete columns 
are frequently found to be materially weakened because embedded 
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ill them are siiaviiigs, ehips oi‘ wood, blocks, and oilier buildiii..’; 
materials. 

In monolithic conslruclion, the colimuis should be poured a siilli- 
cient l(‘n.a1h ot time ahead of the beams and j;irders to allow the 
concrete in the columns to settle and shrink, one day being prefer¬ 
able. Tliis is important, (’olumns have been observed which have 
shrunk on(‘-hali* inch in twelve feet. The inspector should insist upon 
columns being tilled at least six ((>) hours ahead oi’ beams and 
girders; the interval may conveniently be utilized in putting tlie 
lloor-steel in place (see page 274). 

Before the regular column mixture is poured, there should be 
at least 2 or 3 in. of mortar in proportions 1 to 1, placed in the 
bottom of column forms. Some specilications reciuire that the 
lower 1 ft. of each column shall be tilled with a concrete containing 
more' sand and less stone than the regular mix, iimhu’ the instruc¬ 
tions of the engineer, in order to avoid any ^Mioneycombing^’ at 
tliis point, the balance of the column being filled with concrete 
mixed in tlie proportions specified. Tlie following clause was used 
in (lovtumment specifications for a postofllce at Fort Collins, Colo.: 

Immediately before pouring, the concrete column and pier forms 
shall l>e tilled to a height of 2 ft. with 1 to 2 mortar of same con- 
sisteney as the eoncrete.^^ Other specifications reipiire that before 
beginning to fill the forms of columns, the bottom or bearing sur¬ 
face must each time be thoroughly slushed with a neat cement 
grout. The inspector, of course, will be governed by the ongin(‘or^H 
instructions in the matttm. The author would suggest tliat in every 
case a small liatch of mortar be used for the bottoms of columns 
and at the start of a day^s work, and a final batch largely of aggre¬ 
gate be used for tops of columns. Otherwise, the bottom of a 
column is likely to be all stone, and the top all grout or iiossibly 
nothing Imt water. 

In jKHiring a column it is best always to till the column from 
the center. The author has seen cases where the eonerete was pour(‘d 
in from the side of the eohimn and the spaces between the hooping 
and the form tillt'd up more rapidly than the cemter of the column, 
the mortar was Htraiiunl from the coarse aggregate^ flowing to tlu^ 
cemter of the column and leaving the outside face of the column full 
of voids and the fireproofing portion outside of the hooping being 
of no strength whalever, making it necessary to remove it and east 
the outer shell of the column. 

In filling columns tlie concrete should be poured in small batebos, 
preferably by dumping the wheelbarrows on the floor, and Hhov(‘ling 
the concrete into the column. The operation should preferably be 
continuous from the base to the underside of supported beam or 
girder, but if stopped short of completion, the unfinished surface 
must be left level. It is the ]iractic(' with sonu^ contractors not to 
pour the entire column at one operation, but to allow a height of 
alamt 4 ft. to set for three or four liours iiefore the second pouring. 
When laying concrete in columns, a continuous spading should be 
kept lip during the ojieration so that it will make a smooth surface 
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when the column forms are removed. It is absolutely necessary to 
expel bubbles of air by constantly puddling or joggling the concrete 
with a rod heavy enough to sink into the concrete with ease. The 
outside of column forms should also be hammered with mallets, 
during the process of pouring, so as to exclude air bubbles and make 
a smooth surface. 

When placing concrete in column forms, care must be taken 
that there are no washers or other obstructions in the way of the 
falling concrete, which would interfere with packing the concrete. 
Washers are sometimes used on the vertical bars to keep them away 
from the forms, but these washers prevent the concrete from falling 
and often on the removal of the forms there is found a cavity under 
the washer which the concrete did not fill. 

Column forms should invariably be filled before the reinforce¬ 
ment for beams and slabs is in place; otherwise it will be very 
difficult to fill them. 

An experience of the author in pouring columns may be of interest. 
The gravel contained about 5 per cent of clay. The columns were 
poured with very wet concrete which churned up and down. This 
brought the fine clay to the surface and resulted in a stratum of worth¬ 
less material perhaps 2 in. thick. Fortunately, this was discovered 
before the top of the column was poured. It seems advisable to wash 
material of this kind under these conditions. (See page 103.) 

The columns of a reinforced concrete building in a town in Texas 
had honey-combed appearance in many places on the surface, the 
holes sometimes extending in an inch or more. The reason for this 
was that the forms were not tight enough and the mixture was put 
in unusually wet. The water in leaking through the forms carried 
out some of the cement and sand with it. As a matter of fact there 
was no danger to be apprehended in this case, although the appear¬ 
ance was somewhat unsightly. In a few of the columns tliere wei-e 
some fairly good sized holes on the surface. The author believes this 
to have been due to the fact that too large a size of stone was used 
in the aggregate and this, together with the fact that there was rather 
an excess of reinforcing material, made it impossible to do much i)ud- 
dling or tamping, so that some of the larger stones wedged against 
the sides of the forms, leaving holes underneath. 

Tamping or Puddling Columns.— At least one man should con¬ 
tinuously tamp or puddle a column, during the process of concret¬ 
ing, by means of a stick of lumber 1x2 in. (or 2x2 in.), or with thin 
tampers that will go in and around the reinforcing steel at all four 
sides simultaneously. Care must be taken that the column bars 
keep their place while concreting the columns, and for this purpose 
the tops of the bars should be steadied by wires or boards. Special 
care is needed in puddling the concrete in columns to make it flow 
around the reinforcing rods. Puddling should be thorough, as its 
purpose is to work the concrete closely around the reinforcement 
and into the angles of the mold and to work out air bubbles. 
During the operation, the concrete in the column must be con¬ 
stantly churned in order to prevent arching in the interior of the 
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coliunn, by beinii: frcHHl from air bubbles. Ramming on top will 
not aeeomplish this result. Long, slender poles with Hat steel ends 
may be used advantageously Tor puddling the concrete in columns. 
At least two oL‘ these rammers should be constantly used in large 
columns during the pouring oi* the concrete. A tool resembling a 
broad chiscd is one of the best devices for puddling or slicing. 

Columns Over 12 Feet in Height.— (\)lumns more than 12 i‘t. 
high should be pourcHl from a {joint half way u{) and at the to{), 
so that the concrete will not have so far to dro}) and so that puddling 
of tlu' concrete around the reinforcement can better be effected. 
Openings left in the sides of column forms, to facilitate pouring 
should, of course, be closed wlum the concrete reaches that point, 
and the remainder of the column theti poured. Constant puddling 
is e((ually necessary in long columns. 

(’oncnde in long columns may also be deposited continuously 
through tremies, in order tliat the stone and the mortar may not 
bf‘ se|)aratc‘d. Ordinary columns may bo tilled in a similar man¬ 
ner. A mcdliod oftcm ado{)ted for tilling columns is to have a 
I)i|)e made in sections with a Haring top. This })if)e goes nearly 
to tlu‘ bottom of the ccjlmnn and the concrete is poured into it. The 
|)ip(' is rnis(»d from time to time and chunuHl up and <lown. When 
it rises so that a section can be removed, this is done. (8ee also 
Art. :m,) 

Minimum Time for FiHing Long Oolumns.—Where columns are 
of an unsu{){)orted length of rnon^ than twelve tinu^s the least diam¬ 
eter, the tilling should be done gradually, and to every foot of 
ludght there sliould not be less than ten minutes^ time used to insure 
minimum amount of contraction, due to the setting of the Tuixture. 

Spiral Columns.— Iti (ujlumns having stjiral or circumferential 
n*inforc(‘ment tlu^ concrete* sliould preferably be introduc{*d by ni(*aus 
of a trc*mie or tube, in order to prevent the ingredients from sorting 
in layers. (Bee Art. 30.) 

Pouring Flat Slab Columns.— Tn pouring, the column and cap 
or head sliould be filled first completely, then proceed to pour 
the concrete in the slab. 

Excess of Water in Columns and Walls.—Particular care must 
be given to the filling of columns and walls not to have an exc(‘SH 
of water, the whole must be uniform from bottom to top. If wai(*r 
accurnulateH on the concrete, churning or working sliould ceases 
until additional dryc*r concrete is placed to prevent the washing out 
of ct*ment. (Sea {uiges ltl5 and 302.) 

Pouring Walls.— Walls should be blocked of? into convc‘ni(*nt 
lengths and whole work brought up uniformly along this h(‘c- 
tion tfj prevent long, wedge-shaped layers of concrete*. Uptni Hto{)- 
{dug, tlu^ concrete sliould be brought up to a uniform level. A {Jam*! 
slunild be of a si/.e that can be completed in a day^s work. (Bee 
Art. 20.) 

It is well to keep in mind that the thinner the wall the stronger 
and d(‘nser should lie the conerete. 

For curtain walls the concrc‘te is generally run fairly wet and in 
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place of tamping is usually stirred with rods. In other words, soupy 
concrete should be used for curtain walls, but not so wet that the 
mortar is watery. Don^t dump large quantities of concrete into 
narrow forms. The concrete should be puddled rather than rammed, 
the object being to prevent stones from collecting in any one 
place, and causing noticeable voids on the surface. Puddling is 
quite as effective as ramming, if properly done. (See page 296.) 

In filling curtain walls, if the wall is solid throughout its length 
and height, it may not be possible to fill an entire story at one opera¬ 
tion, in which case it m.akes little difference whether the wall is filled 
up half way all around, or a section filled up the entire height of the 
story. As the concrete is usually dumped into the wall forms from 
the top, a long pole similar to that used for columns mentioned above 
is necessary to churn the concrete as it is deposited, and a long- 
handle spade should be used to spade the concrete next to the form 
to push the large stones away from the forms and thus avoid a honey¬ 
combed appearance when the forms are removed. Care should be 
taken not to make the concrete too sloppy in filling high walls, as the 
stones are apt to settle to the bottom, forcing the cement and sand to 
the top, thus making laminations in the wall. This would be visible 
after the concrete is dressed, should the wall be left to set hard before 
it had been poured the full height. Great care is necessary to over¬ 
come this defect. Further, the top of the concrete should be scraped 
off before applying the next run, as a thick film of inert material 
usually rises to the top of the concrete which if left will weaken 
the wall at this point. 

No rods used to hold the forms apart should be allowed to pass 
through the wall, except with permission of the engineer. 

Forms are designed for a certain number of vertical feet rise for a 
day’s concrete work. Find out how many vertical feet. If for any 
reason the concrete is changed from a dry concrete to a wet one, 
consider the number of feet rise permissible under the changed 
conditions. 

Concrete should be laid in layers not exceeding 6 in. in depth 
when deposited dry; if thicker than this, it is apt to lose a part of 
the benefit of the labor of tamping—the effect of the blows not 
penetrating to the bottom of the layer. Wet concrete may be de¬ 
posited in layers of 10 to 12 in., thoroughly puddled. (See page 296.) 

Concreting Hollow Walls. —Sometimes it is necessary to form an 
air space in concrete walls; this may be done by using a number of 
loose planks the thickness of the air space, about eight or ten inches 
wide, and tapering them a little, oiling them and setting them verti¬ 
cally midway between the two sides of the form. If the space is to 
be in the middle, these planks should be located about three inches 
apart, and should be long enough to project above the concrete as it 
is poured. When the concrete has started to set, the planks should 
be pulled up, leaving the lower end project into the concrete just 
placed; in this way the planks are removed, leaving an air spacCv and 
can be used over and over again to make similar hollow spaces in the 
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wall. The three»ineh spaee between the iTauks leaves the eoncrete 
How IVom one 1‘aee of the wall to the other and thus makes a tie. 

Concreting Spandrel Walls.™ Spandrel walls cannot be carried 
up at th(‘ time that the lintel atul slab forms of a building are 
tillcHb (‘spcadally it wet c.on<*ret(‘ is used. Therefore, the concrete must 
tirst be (lei)osited to the le,vel of the top of the slab (see i)age 312), 
and wlicni this has its initial set, the balance of the wall may be 

tilled. II this precaution is not taken, the hydrostatic pressure 

oi the wt‘t concrete in the spandrel wall will force the concrete 
Irom nnd(‘rnealh the form at the slab and prevent the filling of 
tlu^ wall form. (See page 318.) 

Concreting Retaining Walls.— -Where walls occur below grade and 
act as n‘taiuing walls, the sheet piling, if any is used, is generally 
used ns tlu' outside form and allow(»d to remain after the concrete 
is poured. A wall of this H(»rt cannot be poured the entire height 
at one lirn(\ as there are horizontal stringer piec(‘s braced to the 
ground to hold the sheet piling against the bank; in such cases the 

forms filled to a little below the bottom of tlie stringer, and 

after tin* coticreie lias hardened, another stringer is placed on th(‘ 
outside of the forms of the retaining wall where it has been filled 
and nenv brac(‘H introduced, being we<lged up to take tb(‘ thrust on 
the wall, whim the original stringer and brac(*s can be removed and 
tlH‘ rest of the wall cast. This method of filling retaining walls 
removc»H any danger of the thrust of the bank shifting the forms. 
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When placing concrete in slabs, beams and girders, commence 
at the farthc*st point from the elevator or hoist and work toward 
the lioist. In this way it will not be necessary to wheel loaded 
bari’owH or to have the workmen walk over the freshly deposited 
concrete before it is set hard. 

Oeneral Eeqtiirements.—In placing concrete in the floor slabs, 
girders and beams, the work should be, if |)ossible, carried along in 
a straight lin€^ on the section of tlm building which is being 
concreted. 

When placing concrete do not dump directly into place hut 
hack a little^ on that already in place, then by puddling and shoving 
eauHc flic newly clumped concrete to run or flow down into llii^ 
beams or floor slabs. 

Where smooth surfaces are desired in slabs, beams and girders, 
it is preferable to spread a thin layer of rich mortar, say about 

in. thick, over a section of the area to he concreted ahead of the 
regular mixture. Much better and smoother work will result. 

Unless adjoining masses of cimcrete of different deidhs like adja™ 
cent girders and slabs have the puddling or ramming operation 
carried down as iliormiglily thremgh one as the other, initial set™ 
ting cracks are likely to form between the masses of different depths. 

Fonrinf Slabs.— In making slabs, the full thickness must be 
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pourcNl in ono eonfinuous uju^fiition. Wurk iiiiihI In* 

oil at horizontal plano'^. Stak(*s shtaild lit* phirrtl I ruin |i|jirr to 
plaoo showing* the thirknoss of llio iloor in i»f«lrr fo iiiHiuo a 
l(*vt‘l llooi*. If possiblis slab ant! hoani 11111^! Iio iiifolo iiimjioIii 
T liti units of (Minstmetit»n as itnlit*altui mi fin* tlnnuiiL!-* ^ 4 iutili| fm 
rigidly ohsorvtnl, and fach unit ooiuplfloti at mn^ litin*. 'ritt^ lltior 
Hlabs may be made in setdions, prtn ided Ilia! tin* oiitb# of nil HiHditUH 
eoineide with the eentei* tif beams. |See Art, 3 k pit|(e d’J'l.l 

Hxpand(Ml nudal and woven»wire flotir slab ndiiloreiiti^ in iiHiuiUy 
Btret('h(*d aeross tin* fortns lad’ore any eoiierele in 4lr|tir^4itt»ii^ I lien 11 
thin layer about an ineh tldek of e<meri»te is sfimitl ovit 

the nudal and with a hook or the eoriier «if the stun el tlie ineijtl is 
pulled up throu^li the cmnende, h*aviii *4 lids tliiii Inver mi llii* fiirius 
with the metal reinforeement lyin^ on top. Tlirii I lie rest of lim 
eonende is deposited and rammed in pliiee. This plfii*e*i tlie imdiil 
reinforeiunent about three-tpuirfew of an iiirli frmii tlie linlloiii tif 
tlu^ eonerete slab. rnlesH cure is tiikeit to briiiir the iindiil tip 
tliroimdi this thin layer of eonerete lht» iipdiil will show mi flu* 
nndm'Hide of the nlah, am! tins is siillieieiit eiiiise fur rejeidimi iimter 
the buildimr laws of the lar^rer eities. 

During the pourinif of floors there hhimld lie iil leiisl Ittti work¬ 
men aKsiijrned to trivin^ tliidr iiiidivtileil litteiitimi In this mink, ritre 
must h«* taken to raise slab reinforeement llie proper di^iiiiire iiituve 
eenterinir as eonereting* proicresses; or, liidter slilh tise mihup mttimmtw 
Hpaeers for the aeeurate plitein^ of the reiiifoiTeiiieiit imm pane 'if 11. 
The tamping of the forms with iron nab or Iniw im to rut^ir llu^ 
steid reinforeement frmn the eeiiteriii^^ nut Im 

The slab rods, if not arranired with ft spiieliii^^ or rri?i^t«*r4ii|.t dnire, 
hIiouIcI be ptdletl up into the eoiierete %viirk, or if pliireil in emi- 
jtuudion with the eonende, they ulnnilil lie liiid iipois « liiin lairr 
of eonerete as mentioned iilMive. Tlie iiiidlnui of |»tiiiriiiic « f*liiii 
and idlowin?^ the material to slope iliiwii mer the lieiiiiiw iiini ttirder’M 
and them bewhinini^ tlie next day gives 11 »II|i juint ii‘iiieii 
not be allowed. 

In «lab work, the eoneride h be»t efiifi|iiiel#il by iitfiijiiiin nr mlb 
iiig. A broad-fiieed ramiiier ulitnilil be mnl for liiffifiiiiif wet emi* 
erata {mm page 301), or 11 wooileti roller etiverpii iiitli ubifid 
weighing at least dtl!) ll«., iiml lyiviiiif ii fnein Tim riifiifiisel* 

ing of floor slabs i« smiietitiieii iloiw by rollliiii: fir»l, by a 

Bx3-ft., dfiO-lb. wmoden roller, tlieti it 2* **44,, »4lMldln irwii rtiiieiy 

and finally a 2yiX2|4-ft., TIMbUn Iron roller," Tlie rnlliiiii ilmtilil be 
eontinned until the effeet tlierefif in iwt ii|tpiiretil, 

If a granolitliics finwii i’j tn be ptit on the flmirt liivit ttib iinttie- 
diatedy follow the pliieiiig of ttif» tiiiiler eotiendei e%*eii niiitre# 

are to be placed upon it itl otiee, fHee Art. M, |iiite l«i.| If 
done snhsecjuently, tliii eeiiieiit fiiiiMli will tmt iiriiit^re In Hip rnii 
crate, and may crack iiiifl cmni* liiowe, 

After tfie floor ulalis lifive bctfiiii Iti iiid tlipy iitii hr 

walked on or whwled over until liiirtl, an olbmvbe liicir wiiriivib 
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? seriously injured, ^ If trallie over them is muivoidahle, boards 
liould be provided lor the purpose oi* distributing (lie weia'hts. 
See Art. 29.) 

Any preliminary shrinka^'e era(*ks vvhicdi oeeur on the surlaet' of 
tie slab due to too rapid drying* sliould be immeciiately filled with 
.{|uid eement f^’rout. 

When puttine: eonerete tilling- on top of door slabs or around 
oor sleepers, see that all dust and dirt is brushed oil* the eonerete 
i plaee and that it is drenehed thorou^’ldy before depositing’ the 
llin^. (See Art. 97.) 

The eonerete should be eompleted in any one unit part before 
[le initial set appears on its surfaee. 

Eeinforced Concrete Joist and Tile Oonstruction.—Where hollow 
ie is used with the door system, it should be of the best (luality, 
itrified elay, with walls and webs not less than % i»- thick. Dense 
r semi-porous tilths may be useth it makes litth' dirftu-enee in tlu^ 
‘suits w'hieh is selected. The surfaet* should be deeply scored so 
lat the plaster may be firmly bound to the tile; only in the 
:)U|^lu‘Ht kind cd‘ work are the tih's l(»ft uncovcuxal on th(‘ expos(‘d 
ottorn sid(*. The liottom of the tile should in no cast' be l)roken, 
lit a slia:ht break in the upper part is not objectionable, providtsl 
lat the concrt'te is allowt'd to flow into the samt'. Broken, badly 
'arped, or otherwise detVctivt' tiles, should not be allowtal. 

Tile tile mimt lie placed regularly at etfiial distance's apart, and 
bsolutely straiKht ami true for the reception of sb't'ptu’s, etc., and 
t such distances apart as shown on drawin^^s. Tlu^ tile is gen- 
rally spaced 4 or 5 in. apart. A wooden strip of the propt'r 
idth should be laid bt'tween the lines of tile wht'U a new lint^ is 
eing laid, to serve as a spacer, and also to get the proper alignment, 
fhen the line of tile has bec'U spacc'd, the spacer can b(‘ n'inovc'd 
tid used on tlu' adjact'ut line'. Under no condition must tlu^ joist 
etween two rows of tile be made crooked or with non-paralh'l 
Ltlc's. It is advisable, iu placing the tiles, that the long lengths be 
laced in the center of the span and the joints be made to alternate 
\ the adjoining rows. The tile should be laid with as close fitting 
ml joints as possible. 

After the reinforcement is put in position the conen'te is pour(*d, 
ire being used to avoid pushing the tiles out of place. Bomeiimes 
t least a full inch of concrete is tilled in over the t'ntirc^ bottom 
efore the steel is placed In position. The concretes on top of th(» 
it! must be pouretl at tlie same lime as the c(mcrete in tin* joists, 
hdess this is done the floor will be greatly weakened, and might 
ave to be removed at great expense. Even wlu're coucri'te is not 
iH'cified to go on top of the tile, allow enougli cuncrete in ilu' 
»wt to flow c»ver the whole top surface of the tile for a thickiu'SH 
f iihont ^4 Espc'cial care must be takc»n to form T-shap<‘<l 

earuK by stopping the rows of tih* back from tlu' ('dge of thc^ 
earns m shown cm drawings, and covering tlu' ends of tile with tin 
> prevent tlie concrete from flowing into same. 
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The tile iiiust he thoreu^dily wt*t liefere plaeiiif^ the eoiifrete, 
especially in warm weatlu‘i\ as tlu'y will otherwi.He alNurh th«* 
from the concrete*. 

Pouring Beams and Girders,— Beanw are SfniieiimiH pintriMl in 
one continuous o^au'iition from lH»tt<»m to ti>p. This iinihtHl tif 
pouring beams or fjrirders up to the bottom t»f llie .nliib iiinl thmi 
afterwards pliicin|»: the Kliib is not desirable. In iill iii.sfiUJi'fH, iht^ 
slab should be formed in c(mjimcti«>n with the lieairis and idrdeix 
The filling of the beams and girders fltmli wit It I lie fiifi uf the ,H|jib 
centering and all<»wing it to remain hIioiiIiI not he permit led. In 
slab and beam or girder construction, the ptniriiig Hlintild itmiriiilily 
be continuous from bottom of beam or glrihm to Itip of niiilt. Work 
should never be stopped off at horiztmtal plitiies. 

Pour beams and girders from cmii emit dtifiipiiiir flic tameretr i»ii 
concrete, letting it run down around the steel reiiihnwitietit iiinl into 
all sharp corners. This wdll avoid nreliiiigs of llie eniienip nun re¬ 
inforcement and will give a smooth jo!) when fm'iiw lire reifimed. 

To get a smooth finish on the surfaces of lieiiiiw iiinl girdeis, the 
concrete against the sides of the forms Klioiihl he earefiilly “sjimh^l 
in order to pnwtmt voids and to push large stones hiirk fioiii flm 
forms, and allow tine material show* at tin* stirfiire. Ai* iit ruhniitH, 
careful puddling is essentiii! in pouring hmnm itiiil iririlrr^. In 
fact, churning and spading thf» mUm of heittiis iiinl gli-iiers i*i lOmu- 
lutely necessary to obtain nent-appearing siirfiteci. The usiles of Hip 
forms should b€* pounded with a lieiivy liiiftiiiior, wi im In »otilr liio 
concrete and h«dp to break iind force oiil air biiliiile»i, At h'lisl 
one man, but gtmemlly two men, will Iwf reiiiilred to |fitfi|i ourfi 
beam, during the process of coiicrefltig, by itieiiiH of »t|ieciiil 
Care must lie taken that the itirrufiii rettiiiiii lit flietr filiiro:!# iiml 
are held up tight against the tindersitic of Imhihi or tinlrr 
bars while concrete is being placed, iitid tliiit iieltlii»r Is nr 

sldfted by the proeesi of nirnrtiinic or ptidfllitig', Tlie rmierpii^ siiiuild 
be flat-spaded along the iidts of nil ftinl pnlew, I Hoc pfigtt 'if iF. I 

Beams and glrderi are »oinetiitie« filled in two llii» 

concrete being first carriiid up to the t«|i« of llie lititloiii iiini 

immedi My after hiiing llioroiigtily tiiiti|n^d or elitirtsetl tiy ^Irilciiig 
the bars with the tamping tools, the lioiiitw mid tfiniew lire etntiplelidy 
filled and carried over the slab In one tqmmihm. 

When beam and slab are deigned In act ttipdbur m it T4ic«tii, 
both should invariably be poured In otic ciiteratiiiti, Mn iwrlifni of 
the work muit be started iinkii It ctn Im pii.«lied to ritttifiletb»fi, 
except by iptcial prrolisitin of th# mgmmr. Flo tuif flU tiip nr 
girder early enough to permit the wnwte to tale it# iiittiiil ml 
before the slab i« concreted. 

No stops should be allowed on titra lout or mnhr istsd 
special arrangements should be made t« th tlie entire wtwk iii itiie 
operation. Where the concreting of large ainl tlnlf^rii fim- 

ceeds from one end, and the ivorkiiig fiice of flic mmrrntp hmh' m 
sloping, the excess of water naturally wki Hie lower level In tli«* 
part of the birnm or girder box not y# cciticri»t#il. Tim wnler rarrie# 
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^^aitance’’ with it, and this sets without hardening, forming a 
white, plaster-like film on the bottom of the beam or girder, often 
V 2 ill- thick or more. Such conditions should, of course, be avoided. 

When pouring a beam the operation should not be left unliiiished 
for any length of time. 

Concrete should be so poured as to reduce flowing and spreading 
to a minimum. As long as the mass is kept moving it will be homogene¬ 
ous; but if it is allowed to set in this shape two evil results will follow: 
Firstj the cement and water, the most fluid part of the mass, will flow 
forward, leaving behind a layer consisting chiefly of sand, with which 
the concrete, subsequently placed, will not mix, and which has very little 
value as flrepz*ooflng; second, the scum which rises to the surface of wet 
concrete containing as it does the finest dust present in the sand and 
stone, sets with a very smooth, glassy surface to which fresh concrete 
will not adhei’e. This joint, therefore, if work is stopped on it long 
enough to allow the scum to harden, will be veiy weak in shear and 
tension. (See page 293.) 

Concrete Fireproofing of Steel Beams. —^When putting concrete 
fireproofing around steel beams, the soflit of the beams should be 
covered with a mortar mixture of cement and sand, thin enough so 
it will run under the beam and All the space where it would be 
diflieult to force concrete made with a large aggregate. The mortar 
should be forced through from one side until it appears on the 
opposite side of the beam. This will insure the space being filled 
with mortar. If the mortar or concrete is put in on both sides 
simultaneously and rammed, the air under the beam will be con¬ 
fined and will cause a pocket or void in the concrete soflit of the 
beam. Care must be taken to see that the concrete is forced under 
the beam, so the space beneath will be filled solid. 

Shoring Floor Forms. —During the process of concreting, the in¬ 
spector should see that a careful workman is stationed underneath 
slabs, beams, girders, etc., to watch for any deflection in the forms 
and do any necessary wedging up. A workman should be em¬ 
ployed at all times watching centering while concreting is being 
done—this watchman to stretch wires from column to column to 
guard against deflection, and to see to immediate strengthening of 
centering where necessary. 

Precautions to Be Observed in Concreting around Eeinforce- 
ment. —Take great care that concrete is carefully deposited in 
columns at floor levels where reinforcement from columns, beams 
and girders meet. See that no voids are left under rods and that 
good quality of material gets into the work. Better use a special 
batch of specially rich mixture at each such point. Whenever 
there is a nest of cross-bars that the concrete will not readily 
penetrate, pour into same suflicient cement grout 1:2 to thoroughly 
fill all spaces. Special care must be taken, especially in hot weather 
(see Art. 32), to follow up this grout with the body of the con¬ 
crete before the grout has stiffened. If the circumstances are such 
that the grout stiffens too (luickly for convenient working, time may 
be gained by throwing on the face of the grout sufficient fresh 
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eotifi’ote to cover it, and in turn should this fresli eonerete HfilTtui 
before it is covered with the main body of ctnicrcle, it may bo 
renewed from time' to time as above by furtlior small a<lditi<mH ol 
concrete. It is, however, important that neititer the oriirinal sur 
face nor any oi' tlu^ lamewed surfaces bt* allowed tt» stitTeu before the 
next layer is applied. (8ee Art. 27.) 

PLACING OONOBETE IN AKOHBS 

No work should be started on arcli riuK^s until piew and iibitf- 
numts have been examined and permission ixiven by the em/iiieer. 

Quality of Ooncrote.— Tiie concrete of the arch rim^ sliould be 
of the l)eHt ({uality, especially if steel reinforcement is not iii»ed. 
For this purpose, the stone, hr<iken to a sixe not excet‘dini! two 
Inches in any dimension, should he mixed with a i|Utiiitity ttf niortnr 
a little more than sullicient to fill tlia voids, and ei»itipoHi*d «if c»iif 
part !h)rtland eement to two parts sand. Interiors of piers ami 
ahulmenls may ba made of a pcHU-er mixture, such iis one part t»l’ 
Portland cement to three parts of sand imd six parti* of broken 
stone or iirravel, or even in sonie eases where idmtiiienfs are iiiiii4?%iu% 
one to four to 6i.a:ht eoncrete may be employed. 

Division of Arcli Eing into Soctions,--4Vlierever ptwsiliie. it U 
b(‘Ht to make the ctincretirig cjf tlie arch contiiitiotis* so lliiii flierr mill 
be no possibility of a future H<*piirati<m on a pliine Iwniiidliii: I mo 
days^ work (see Art. 20), Where it is impriirtlcatiie to ciuicnic 
in one contiitnous operation, tlie aredi rinir ttiiiy bi* diviileil Into sre 
tions, eitlier longitudinal or tmmrom*, tiiicli mdimi represeiiliiii? ii 
day*8 work. Both methods have given eipmlly witbfiictory result^. 
A method that has laam largcdy enipb^yed b to di%'itli» tin^ lifeli 
into longitudinal rings hy planes iit riglif angles to the firdi 

The author is c»f the opiniem thiif tin* better priietieix bowiner, 
is to build the arch as a aerien <»f votissoir eoiirnes beiiiitiiiiig with 
the springing course, but not necessiirily proceetiing in oriler front 
the springing to tlie crown. In fact, the order of the wtirk hi* 
so arranged as to distribute the loading on the center^ in iiiiy 
manner desired. The advantages of this itietlmd of biiililiiig the 
arch, in transverse courses pariillel to the axis of the iiitrailu^, lire 
that the planes of weakness may he nmde iit right itiigliw to flu* line 
of pressure; the unequal loading, and eonseqiieiit settletitt^iil of the 
etmiers, has less tendeney to crack the scctkiriii or to se|iiiriili* tim* 
section from another. In oflicr words, iitiy settlefiieiil of tli# cimter^' 
ing will not weaken or fracture the concrete liefore it liiw w*t. cfipc- 
cially if the last sections concreted are at or ncfir the Kpisrigiiiif 
lines. When the arch is concreted in loiigittidinii! sectiiuw tlti*rr 
danger of the sections separating along the plane liefm’eeii inljiieiuit 
sections. Aimin, undue strains may he hroiigfit the ctificicfe 

from a variety of causes before it lias »et «tif!lcieiitly to littiilii iN 
full strength. Tn cases of failure of concrete arelies titidcr eieeiif4ive 
flo(»ds, the tendency of the arch to separate nhnifi n loiigiliiilitial 
joint huining a plane of weakness has been clcftrly 

Concreting Arch Rteg in Sections,— In mnm4m arelieit. the 
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('ll rini>; should be dividc'd into si‘('(ions of siu'h si/e that the 
uriu**' ol* eac'h ('an be nuuU^ a ('.ontiuuous operation. Transverse 
d lonj^'iiudinal areh bloeks should bi‘ east eontinuously and the 
utraetor should not be allowed to start sueh work unh'ss provi(h‘d 
ill sullieieut plant and material to insure the linish oi’ sueh a 
/tion eontinuously. 

In long’itudiuai scndions, the <*onerete should bo beg'un simul- 
ueously at both skewbacdvs and continued unirormly and coutimi- 
sly to the crown. That is to say, the e.onsiruetion of the areh 
must proceed continuously and without interruption from the 
10 it is started until completed, work beini*: beKun at both abul- 
•nts Himultaneously, and carried at a uniform rate of progress 
erefrom until joined in ('ompletion at the crown of the arch. 

When^ the sections are transverse or across the arch, the better 
acli('(‘ is to ('(Uicnde the crown section tirst and work towards both 
whacks a pair of sections, one each sid(‘, at a time. 

Concreting in Longitudinal Sections.— Should the size of the 
ch be such as to make it impracticalde to construct the entire 
ii>* ill om* day it may be dividend vertically into a stu*i(‘B of parallel 
n;s of such width that one rin^ can be ('.oustmettal ('oniimiously. 
i(‘S(‘ strips or rings are practically arclu'S in tliernselvi's. The 
dth of such rings should, however, in no ('ase be Ic'ss than 5 ft., 
d should b(* .so cliostm tliat uom^ of the reinforcing steed is expos(Hl 
any joint b(d.w(*en two days^ work. It is well, if this method 
placing tlu^ concrete is used, to so divide the areh that a com- 
Av ring may lie placeal without intermission. That is to say, sca'.- 
ms (»f tlie arch along tin* axis are to he* limited to siudi length as to 
rmii of the concrtde bedng depositeal continuously between springing 

tCH. 

OiH* side of the sub-ring should lie formed against the ring 
cviously constructcal, and the oth(‘r side* against a substantial 
rti('al partition which must be removeel immediately before com- 
‘ucing the next ring. This could be removeel in a day or two, whem 
e eonerc'tt* wotdd still be greim enough for the ne*xi ring to adhere 
c*tty well. In order to form a substantial lionel between the ad- 
t*t‘Ut paralltd rinirs, cleats slitmid be fastened to the parlitiems in 
cli locatieuw and of such shape and dimensiema as may be dire»ctt*el 
' tlie (*ngiiieer. CSt*e Art. 27.) In ('tinstructing new rings against 
I ones, the vertical surface of the old ring should first he tlior- 
gidy eleiineil and scirubbed with coarse brushes and water and 
t*n tluslied with cement grout immediately before placing of the 
w ('ommete. The areh rings may also be coimeeital liy sk'el 
imps or rill connections built into the concrete. 

While concreting m in progrtiss the action of the centers should 
carefully oliHerved. Ckmeridly, as the load on the haunch in- 
.‘ascH, the crown will tend to rise. If I Ids tmulency lHwonu*H exei’s- 
n\ it niiiy In* overcome by loading tlie crown with any matcnial 
:it w convenient, or by placing the concrete for tlie crown of the 
E*h before proceeding farther with the haunelu'S. 

Concreting in Trang?er»e Beetioas.— Wlu*n tin* sc'clious are trans- 
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verse, the concreting may commence either at the crown or the 
springing, care being taken that no joint is made at the crown, and 
also that the concreting proceeds symmetrically on both sides of 
the crown. The division of the work into voussoir courses should 
admit of such size molds or blocks that two, one on either side of 
the center, may be completed in a day. The blocks are usually 
first placed near the springing line, then, to overcome the tendency 
of the crown to rise, the block or strip at the crown is placed and 
so on until the arch is completed. If it becomes necessary to inter¬ 
rupt the laying of a block, however, a vertical bulkhead should be 
constructed in the mold, with key or dowel pins if desired, to assist 
in making a bond when the block is completed (see Art. 27). 

While the arch is being concreted, the centering should be care¬ 
fully watched, and if it shows any tendency to rise at the crown, 
it should be loaded with concrete materials until such tendency is 
overcome. 

Placing Layers of Concrete. —The thickness of the layers and the 
degree of ramming should be such as specified for other concrete 
work mentioned at the beginning of this article, but the layers 
should be placed as near radially as practicable, and the ramming 
done in a direction as nearly at right angles thereto as possible. 
This is difficult to do without setting \ip temporary forms normal 
to the arch ring and tamping beside these. This is an argument 
for the use of wet concrete in arches, as it is not important to have 
the layers of wet concrete normal to the line of thrust except at 
quitting time. (See page 296.) 

In the abutments of arches the layers should be sloped as nearly 
as possible normal to the direction of the line of thrust of the arch. 

Great care must be taken at the joining of the new concrete, 
in order that it may be as nearly monolithic as possible. The joint 
should be made rough, to assist in securing a firmer bond. (See 
Art. 27, page 326.) 

Placing Concrete around Reinforcement. —Great care must be 
taken that the concrete entirely surrounds the reinforcement and 
that the reinforcing material is not displaced in the slightest degree 
in concreting. The spacing and location of reinforcing material 
are designed very accurately to meet the stresses in the arch, and 
unless great care is taken in placing the reinforcement (see page 281) 
and in concreting, the reinforcement will, not fulfill the mission for 
which it is designed. (See pages 269 and 315.) 

Spandrel or Face Walls. —The spandrel or face walls may be 
carried up at the same time as the arch ring, or may be connected 
with it later by leaving short lengths of steel projecting radially 
from the concrete of the arch. Some specifications require that 
arch centering shall be lowered sufficiently to allow the arch ring 
to assume its permanent set before parapet walls are placed. Where 
practicable, it would be well to leave the concreting of the spandrel 
wall of an arch span until the arch ring has hardened and the 
forms are removed. The settling of the arch often cracks the 
spandrel wall and gives an unsightly appearance to the bridge. 
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rinish. —To provide a smooth face, a thin facing mortar of one 
part Portland cement to two parts sand is desirable, laid at the 
time of building the concrete in accordance with methods described 
in Art. 41, page 385. A thicker layer of granolithic may be used 
on the soffit and will somewhat more et^ectually prevent the broken 
stone or gravel of the concrete settling on the lagging, which is 
always likely to occur, to the detriment of the appearance of the 
finished work. 

The division between adjacent voussoirs should be clearly marked 
on the face, and additional joints may be indicated if desired, by 
lines in a plane approximately perpendicular to the line of pressure. 
Such lines are obtained by securing triangular strips on the inner 
face of the forms. When spandrel walls are used, these may be 
similarly marked on the face by horizontal and vertical joints. 

Where concrete is placed on top of sheathing, as in the roofs of 
tunnels, culverts, sewers, etc., a layer of granolithic should first be 
placed as mentioned above, in order to insure a smooth finish to the 
interior, and the concrete above should then be thoroughly tamped 
into it. 

For methods of finishing concrete surfaces, see Chapter VII, 
page 384. 

Expansion Joints. —^Expansion joints are usually provided for the 
spandrel walls or arches at each pier and at the abutments, to allow 
for some movement due to temperature changes. On long spans 
the spandrels should have expansion joints, and the coping and para¬ 
pet, when of concrete, should also have vertical joints to provide 
for changes in length due to loading or thermal variations. (See 
Art. 28.) See that expansion joints are constructed exactly according 
to the engineer's plans. 

Expansion joints may be made by placing in the joint several 
thicknesses of corrugated asbestos board, protected by %-in. lead 
plate folded into the joint to form a trough at the top. An asphaltic 
coating may then be placed over the lead, covering the whole; this 
gives an elastic and perfectly waterproof joint. Tongue-and- 
grooved joints are sometimes used, but it is believed that a lead 
covering as described above will prove the most satisfactory. Expan¬ 
sions joints in the spandrel walls may also be formed by laying the 
concrete against a vertical form and then butting the concrete of 
the following section against this smooth surface with a sheet of 
tar paper inserted between. 

Waterproofing. —^It is customary to waterproof the top of the 
arch ring and arches over the spandrels either with a Portland 
cement grout (see page 439) or a coating of asphalt (see page 44G). 
The instructions for waterproofing mentioned in Chapter VIII may 
generally be applied to concrete bridges. 

Drainage. —Pipe drains should be provided to carry the water to 
a point over the piers where it may be discharged. Care should be 
taken that such pipes have their outlets so located that the drip shall 
not disfigure the wall. Open spandrels may be drained by pipes 
built into the arch ring at suitable places. Bronze should be used 
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for tlie drain pipes, as iron or steel pipes will rust and discolor the 
masonry. Pipes, gutters, etc., intended for drainage must be kept 
clear and unobstructed by plugging or protecting such channels 
from accidental choking or filling with concrete or other material 
until they are finally covered or capped. 

Backfilling. —Backfilling is usually begun after the arch has hard¬ 
ened but before the centers are struck. The reason for this is 
obvious. If the filling were placed after the removal of the centers, 
it would be necessary to place the filling uniformly over the arch, 
as filling a large weight on one side while the other is unloaded 
might so seriously deform an arch as to endanger its safety. 

On the other hand, when parapet walls and railing are built be¬ 
fore the centers are removed, tlie settlement of the arch may cause 
these to crack badly, and while this would in no way endanger the 
safety of the arch, still it is unsightly and therefore to be avoided. 
It would therefore appear that in some eases, particularly where, 
instead of earth backfill, a system of relieving arches, etc., is used, 
that when possible the centers should be removed and the arch 
allowed to settle in place before that portion of the work above the 
» arches is begun. 

The fill over arches should not be put in too soon after concret¬ 
ing. Generally speaking, at least two weeks should elapse before 
any fill is placed over the arch, but conditions sometimes necessitate 
shortening this time. In such cases, the inspector should get definite 
instructions from the engineer. (See page 461.) 

Concreting Groined Arches. —^Vaulted roofs should be laid in 
alternate squares, the lines of division being through the crown 
of the groined arches. In laying the concrete, joints between the 
work done on consecutive days should cut the arches at right 
angles to their axes, and bulkheads should be used to make such a 
joint a vertical plane. The covering of each unit between four 
piers should be made monolithic. Care must be taken to prevent 
the stones working to the bottom of the mass and thus becoming 
exposed when the forms are removed. This may be prevented 
by plastering the forms with mortar as mentioned above and placing 
the concrete upon it before the mortar has begun to set. 

Art. 26. Joints Due to Stopping of Work 

Theoretically, concreting should be a continuous operation, but 
practically it cannot be made so. All concrete work must be con¬ 
structed along proper structural lines and when a section or panel 
of reinforced concrete or any trussed concrete member is started, it 
should be finished in its entirety before shutting down, but when 
this is not possible, the resulting joint should be formed where it 
will least impair the strength and appearance of the structure. 
Bonding fresh concrete to concrete that has hardened, though it has 
been done with great perfection by certain methods as described in 
Art. 27, must still be held as uncertain. Ordinarily, at least, a plane 
of weakness exists where the junction is made and in stopping off 
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work it should be done where these planes of weakness will cause 
the least harm. To elfeet iliis, the finishing surface should be normal 
to the line of thrust and it should not be where there is any con¬ 
siderable shear. 

The author has observed in bridge piers and retaining walls that 
where one day\s work joined that of another, lines could be noticed, 
and in many eases these lines were inclined, sloping at about the 
angle of repose of the wet concrete. By inserting partitions in the 
forms, these lines would have been vertical. 

G-ENERAL REQUIREMENTS 

Care must be taken in the location of and in the manner of 
constructing the connecting joints as the work progresses. Joints 
must be made only at such points as may be approved by the 
engineer’. If the appearance of the hnished face is of importance, 
special care must also be exercised in joining at this joint. 

Joints between Day's Work. —Joints in the concrete work should 
not be allowed except at the natural end of each day's run; it is 
therefore essential that the plant be in such shape that breakdowns 
are avoided. Joints between day's work should be at some feature 
line, or be made truly straight and level. Work may be roughened 
to good advantage, but should never be left with a slanting surface 
or with loose material covering it. 

Caro should be exercised in the formation of joints in concrete 
work, especially in conspicuous places. A poor or unsligliily joint 
not only mars the appearance but may affect the strength of the 
member or structure as a whole. The first and last batches of con¬ 
crete, tluu’efore, dei)osited in each day's work should be especially 
well damped and all surfaces brought to a level and roughened up 
afterwards where more concrete is to be placed upon it, but never left 
rough due to insulTieient tamping. (See page 381.) 

The methods employed to stop a day's work and leave the joint 
so as to make a satisfactory union with the engineer's directions 
must be carefully followed as to the location of and methods of 
constructing joints between day's work. Work can be stopped 
for the night along almost any line, if proper care is taken in 
joinings work, and if work is continued after an interval not 
exceeding 48 hours, while the concrete is still comparatively fresh. 
(See Art. 27.) 

A wooden strip nailed horizontally to the interior^ of the form- 
work, forming when later removed, a groove or false joint, an inch otr 
so deep in the exposed face of the concrete, may be used to advantage 
to mark the end of one day's concreting and the beginning of the next, 
and the concrete stoi)ped off'at this level. This groove not only adds 
to the appearance of the structure on exterior surfaces, hiding what 
otherwise might be an unsightly joint, but is an effective means of 
breaking the monotony in the face of long stretches of concrete. 

If walls or floors are to resist water pressure, take especial care 
at the joining of different days' work. Shrinkage cracks are more 
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likely to occur along such joints than at any other points. The best 
method of making them as water-tight as llie remainder of the 
work is to use asphalt or coal tar with a strip of water])x*oofer^s 
felt. (See Art. 50.) In walls, both horizontal and vertical joints 
must be equally cared for. 

Be exceedingly careful about joints between portions of work 
done at di:fferent times. Unless the masses on the two sides of the 
joint are absolutely alike in quality, the joint will be visible and 
no amount of surface treatment except by plastering (see page 
410) can entirely eradicate the blemish. 

Precautions Kegardxng Horizontal and Vertical Joints.— Taiyers 
of concrete should be kept truly horizontal, and if, for any reason, 
it is necessary to stop work for an indefinite period, it should b(‘ 
the duty of the inspector and of the contractor to see that the top 
surface of the concrete is properly finished, so that nothing but a 
horizontal line will show on tlie face of the concrete, as tlie joint 
between portions of the work constructed before and after such 
period of delay. 

It cannot be too strongly insisted that the line limiting the 
height of the concrete at the face should be made perfectly hori¬ 
zontal, for a slight crack, or at least a noticeable line, may be ex¬ 
pected at this point, and if not straight it will be fhe mor(^ un¬ 
sightly. If for any reason it is impossible to complete an entire 
layer, the end of the layer should be made square and triu^ by 
the use of a temporary plank partition. In ihe construction of 
arches, culverts and sewers, such stop plank should be set normal to 
the surface of the intrados, instead of vertical. In case mor(‘ than 
one layer is left incomplete, they should be stepped back, making 
an offset for each layer of at least one or two feed. No irr(‘guliir 
wavy or sloping lines should be permitted to show on the face of 
the work at different periods, and none but horizontal or vertical 
lines should bo permitted in such cases. The top layers of conci’cle 
should be left roughened np or grooved out along their center linc^ 
in order to form a positive and water-tight bond with subHeciutuit 
work. (See page 326.) 

Every time a day's work is finished and a horizontal joint is 
thereby required, the concrete should either stop 6 in. below a wal(% 
wiring or rodding, or 6 in. above. If stopped 6 in. below, the 
wires or rods can be tightened and the face boards made to hug the 
previous day's work, thus avoiding an unsightly lip and saggy con¬ 
tact which will deform otherwise good surface. If stopped 0 in. 
above the wires or rods, the weight of the concrete will tighten thc» 
wire and draw the wale close to the studs and thus bring the boards 
tight to face. Should the above precautions be neglected, it will 
necessitate shimming the boards away from the studs with shims, 
and just driving them out with a hammer. Ilnless the hoards arc^ 
shimmed, the wet concrete will force them back against the studs 
and the result will be an ugly finish. 

Joints in Massive Walls.— When the concrete is .subject to ver¬ 
tical forces only, as in foundations for buildings ami masonry 
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structures, horizontal joints are less objeeiionable tluin vertical joints. 
Ibit in the constriuhion of concrete abutnuuits, retaining* walls and 
tlu‘ Iik(‘, vertical joints are (lesirabl(‘ to coniine the cracks to [)re- 
dettuaniiual plain's. In the buihlin;;' of such structures, tlu' work 
should be dividc'd into sections (d‘ such horizontal dinunisions as 
may be thou».‘ht bt‘st, and each sc'ction comph'tcHl as a monolithic. 
There are s('veral advanta.aes in })lacin.i>’ walls in short len<:^‘ths 
at a time. Xhulical joints do not show up as badly as horizontal 
ones, ('Specially wlu'ii tlu'st' are made by tlu' use of a bulkhead and 
art' triu' to liiu' as mentioned abovt'. 'Fhe (nud.raction of the con- 
crt'te due to setting** will Ix' sonu'what ('(iualiz(‘d as the wall pro- 
I 4 ’r('ss(^s, and tlu'st' vt'rtical joints will oftt'n be sutlicit'id to take up 
(^x[)ansion and contraction due to chanin’e in temperature. (See Art. 
2S.) 

Walls should be stopjit'd at horizontal or vei’titaU bead or ^’roove, 
HO that tin' lint' at the junction of two days’ work will not show. 
It is prerernbh' to stop tlu' wall in vertical plant's aci’oss the wall, 
and, if practicablt', tht' sloppai*’(* should octnir at an expansion joint. 
This will stunt'timt's rt'([idre the cotdinuous prosecution of work for 
24 or 4S houi’H. WIn*ther* this mt'thod, involving- work at td.u’bt, 
whitdi is always more expt'usivt' and usually less thorouf^'h, is justiticd 
by tin* t'lul sout'id, depends, of (‘ourst*, upon tht' <4iaracter of the 
struchin*, Wh(*n tlu* day’s work must stop t'lst'wht're than at an 
t'xpansitm joint, it must bt* t'sst'iitially on a vt'rtical line with a key 
or otiu*r posit ivt* foi’m ol' liond providtal For tht' t'oiint'ction of the 
Hubseputud. wtu’k. This vertical stop-lint* must be stepped back at 
lt*ast one foot Foi* otlu'r and Hubsetiuent days’ work. 

Grooves for Joining Fntiire Work.^AVlu'n the placini*' of the 
cont'rett* in suspettded, all necessary grooves For joining Future work 
must be nnuh* bt'Fort* tin* concrt'te has had time to set. This may be 
accomplished l)y t'mbt'ddin^ pieces td’ plank in tin* top of tht* hori- 
zm al ami vertical layt'rs td’ concrett', to bt' removed after tht* con- 
crt'tc* has set, lf*a\in!i: depressions. Bt'vt'lini^ tlu* edict's of thest* planks 
will facilitate* their removal. At such joirds spt'cial care must be 
taki'U to tamp tin* ctmerete thoromrhly, in ordt'r that it may be as 
deuHt* and compact as at other places. (See page 331.) 

EEINFORCEB COJiTORETE BUIIiDIHaS 

When the ctmcn*ling of a building cannot be made a coniinuouh 
process From stmt to finish, as is often the ease, care must bt' exer¬ 
cised in Hlt»pping tdf one tlay’s work and in joining the next day’s 
work tt» tin* break. In nt^ east* must the conert'te be stoppt'd before 
the Full depth of I lie iUmr has been eomph'ted ovt'r tin* art'a <d’ 
Hc*etion for one day’s work. Where work on a rt'inforeed eoncrete 
beam or slab sinudd be stopped at night, or at any timt* wtjrk is 
Huspemletl, lias been a tfuestion or matter of opinion among (‘iigiueers 
fot' stuiie time, sonu* elaiining it should bt* stoppt'd in out* plact* and 
Htane in anotlier, but the following is rceognizt'd good practice. 
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Joints in Footings..- Fch>I slitiiiid 1m* rii^t !*» I’li'l ilr|iili 

at one opt^ration. it in fo iii.iko Iirittr*ii 

(HlTtn’tnit portitnn of the .same fooliiii''* the Hiiitiirr hr imiidi 

after tanipirtg st> an to pi’o\iii4* n 'iitilaide i«ii 

eoncM'tde to he plaeecl Iat<*r and should !»* seitilil««‘d «itii «*riiiriii ijituii 
with a broom Ind'ort* plaeiui^ ot!u*r euiic’rele. iSee An. L%'.i 

Joints in Columns.-- Joitits slaudd In* iiiiiile in the I'ldiiiiiii-'i 
with the lower side of tlie heaiiw or idrdeft liiid Hlitiitld hr at iijtlil 
angles to their Hurfaees. It is pndVriilile tfi piuir the wuue 

six or eiglit hours liefora the heanis and idrdi*rs so «« in itiliin time 
for sattlemimt and K!innkai»:e. In all mmm the nf' riiiirride 

for a eoliunn nhouhl he ii cHuitininnw o|ieriilii*ii l*i flu* liiii* mdirre 
beanm join in. (Sea page dtlfl) 

Joints in Slabs.— It In lietter tii piuir iiii mtln* flour ui oiin^ Imi 
if HtopH must he miula in slalw, the entieroie sleuild hr ?4ii|iprii iii « 
vertieal plana at right iiiigles to the spiiii* eiliirr ill at iisiii-Hliitii, or 
(2) over the renter of the suppiuting heiiiii or irtrder, Ttn* iii’nM’einr 
nhoultl determine whieh method is preft^riihlr. ni mn iillin 

points between the work of sin*eeHhi\i» djiy« nlmuld not Im nrjuafirii 
If, however, for any eama* uork iiiti-d be 'Jofipr*! 4t 
than (hose stilted, the* fri'sh etuierefe iiiiil the haidrisril r leu-d 

he liOiid(*cl liy one of the iiif*tliodt4 deneiiheil iii Ait // Sioo* noi 
traetors prefer the joint to Im* itiiide flie Ion sfwitiial i%niir 

line of the beam or girder, hut tin* liiitlnn aMo*hti mur! •} in 
making joints where eonerete on fop in rfiniifie'i omi WiiJi the 
proper amount <if ntael over «ti|i|n»il!*, htitteut, tlonr i, iiok h 
danger of the slab eraeking if the ^leeoiiil itifllmd i* Hn|»!«ord X?* 
horizontal joints sliould lie itllnwed iii ?4id»% Ihinrh^ <drdrf»4 

supporting hnt one heiim hIioiiIiI have no ^f.ip- |♦alaile| in lirmiri 
For Hueh panels nil «top» ^itioiild he |iiiriiiit*| In - iithr its«i |iirlV«4hlv 
at the center of hennm. The joint iii 'dahi 'doeiht In* ifiylv 

square hut as rough tm poMsihle. fHee Fi*f, 21,1 

u.. " =tT° 

Flf. 24. Metliailii ef fiff rttarn^ti-* ilg|« 

Joints Itt Tilo Floor Slab^r-^Tlit* efitifrele fur it iiii* ilrinr witli 
eonerate over the top of tin* tile iimut till liii inuirril at the mnnm 

time. 

Joints in Boams and GMi».-'--4:iirtlew or lieniiei itiiwt ii«*i‘rr ht* 

construftecl over freshly roliiiitiw iritlwiiit iiliiiii ing m itf'iisnl «f 

at hiiiKt thr^ hoiirn to eliifwe to |if*rttiit in tlw eiiliiiiifi#, 

preferably mx or eiicht litnirs. Ilefore nmmmmt %mmk llie i«|i of ||i« 

column should ha cleansed of fortigti tiiiillttr iiinJ L-isImirp. 
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Ill beams or ij;ir(lers, the eonerete should be stopped in a vertical 
plane at rii>'ht ane.’les to Die length oi‘ the beam, either (1) at mid- 
span, or (2) over the center oi‘ the supporting column. The iii- 
sp(‘ctor should determine which method is preferable. Joints at any 
other points between the work of successive days should not be 
permitted. Whei'e beams and girders are stopped oil directly over 
the center of columns, vertical joints should be arranged so as to 
allow at least oiu^-halt* the column for a bearing surface for the 
future work. The result of the practice of a number of contractors 
in s(oi)i)ing‘ the concrete in the center of the span of a beam or 
girder has proved that this is the best place to stop the concrete. 
The concrcde at this point being in compression and there being no 
shearing strain, and all tensile strain being taken by the reinforce¬ 
ment, (here is less danger of a break or ciaick at this point than any 
other, hence it is the best [loint. (See Fig. 25.) 

In no {‘vent slimdd work be terminated in beams or girders where 
future shearing action becomes great, as at their ends or directly 
under a heavy concentrated load. Where brackets are used, the 



25. MctliodH of Stopping Off Conerclo OIrdcrH. 

l)rack(‘(s should be considered as part of the. beam or girder. As a 
rule, deep beams should bo constructed some in advance of the slab, 
but no concrete should be placed in the beam and allowed to become 
HO dry as not to properly bond with the balance of the work. Any 
concrete wliicli may rim past the bulkheads must be cleaned up before 
the ccmcreting of the next section is started. 

Where a beam and slab have been figured as a T-beam, both 
should invariably be poured at the same time. The inspector must 
not allow the beams and girders to be filled to the top of the slab 
centering and left in this manner. The stopping of the work must 
always he arrangiHl so that the slab makes monolithic junction with 
the beams and girders at least for a distance ecpial to one-half their 
width. Where the beam has been figured as rectangular, it is not so 
important that both be placed at once; however, it is preferable to 
do HO, as the full depth of beam includcis a part of the slab. A 
notch may be left for the support of the slab, and thus nearly the 
entire beam would be placed at one time. 

Beams and girders are sometimes split in two in the middle 
longitudinally, by means of a temporary vertical bulkhead, when it is 
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necessary to stop work in their neighborhood. Theoretically tliis is the 
place to stop the concrete of a beam, but the author does not recom¬ 
mend this practice by any means. It is much better to leave a step 
or notch the depth of the slab, an inch or two wide, at the top of 
the beam or girder. This step will act as a support for the slab, 
and if the beam is figured as a rectangular beam, as it should be, 
and not as a T-beam, it can depend to a considerable extent upon 
the other slab for what may be lacking in bond at the step. There 
is generally always an excess of compression area in beams designed 
to carry slabs. It is much more economical and just as good prac¬ 
tice to rely upon this excess compression area in the adjoining slab 
than to go to the trouble and expense of placing a bulkhead along 
the center plane of a beam or girder, with all of the added diffi¬ 
culties this method entails; i. e., narrowing up the space to work in, 
possible displacing of the steel, different degrees of shrinkage con¬ 
traction, additional time required, etc. 

Joints in Flat Slab System. —In stopping, in all eases the column 
and column head should be east and the splice or joint made up 
against a vertical plank in the center of a panel, the splice or joint 
being in a vertical plane. 

Art. 27. Bonding New to Old Concrete 

Bonding new to old concrete is a matter that requires the 
greatest care. Fresh concrete does not strongly adhere to con¬ 
crete that has set. In fact, new and old concrete can be joined 
only with difficulty, and the strength of such a connection is always 
uncertain. When concrete is being laid there is always danger 
when part of the work has set, overnight, for instance, that the 
remainder of the work will not stick to the old part. Retaining walls 
will occasionally give evidence where one day's work ended and 
the next began, and frequently a crack will occur along this line. 
It is only with the greatest care that a cement finished coat can be 
made to adhere to a concrete base that has reached its final set 
(see page 410). The older and drier the concrete, the weaker the 
joint with the new. 

In building tanks or other structures which must be water-tight, 
the surest way is to build the work as a monolith, i. c., without 
stopping the work; but with reasonable care a water-tight joint 
can be made by observing the precautions most applicable to such 
work as given in this article. In this connection see Art. 47. 

Preliminary Precautions to Be Observed While Concreting.— 
Should the continuous laying of concrete be interrupted for any 
reason, care must be taken to see that the finishing surface is left 
so that the conditions of continuous work are approximated as near 
as possible. Concrete work to which it is intended to make addi¬ 
tions should never be left smooth. In fact, it is always belter to 
leave the surface rough than smooth. 

Some Causes of Ineffective Bonds.— When the top of a wall is 
setting cement paste is forced up to the surface, and this sets and 
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beronu's dt^ad, tlu‘ prodiud b(*iui»‘ known as ^Maitaneo.^' (Sen 
}>a.u'(‘ It is this laitaneo that makes the bonding' ot lunv to old 

eonerc'lc' V(m*v diiraadl. 

An almost in\ isibh‘ film of oil or ii’rtaise, wlfudi often ju^‘(‘ts on the 
e(m(‘!*(‘te tV<mi (h(‘ forms, is very (dl’t'etivt* in preventinji a bond, and 
is v(‘ry dii1i(*ult to r(*mov(‘. For this reason it is IndUn* to ns(' soap 
than oil on th<‘ inside of the forttis, sine(‘ soap is soluble in void 
watcu’ and hcmee is easily washed (dV. (See pag'e 242.) 

The greatest cause af the ({iljicultg in bonding new concrete to old is 
dirt. 

Joining New Concrete to Partially Set.—When one laym* of 
eomo’ete is to be* d(*p()sit(‘d upon another partially set, preeautions 
must be take*n to s(*{*nr(‘ a yood imion betw(‘en the two, particularly 
if the joint is lik4‘ly to lx* subj(*eted to tensile or shearing stress(‘s, 
or if th(* coiiereti* is reciuired to be water-tight. In joining new 
woi'k to that which is partly set, such preemitions of chaining and 
wetting the Hiu’faca* and bonding slundd lx* obs(*rv(‘d as tlx* enginec*!* 
directs. If the first layer is only partially set, it is generally sufli- 
cic*nt to simply w(*t the old concrete^ taking care that no puddles of 
wfiti*!’ art* It*ft upon its surface. 

Joining New Concrete to Old.— Satisfactory means must be taken 
to ch*un and rougii(*n the concrt'tc^ which has set, and to securer a 
good and efilcient bond between the older concrete* and (he fr(‘sb 
concr«*te placed above or against it. In other words, tin* bonding of 
new to old concrete must be nuule as good as (he conditions will 
permit. Old and new work must be joined with some pr(‘caution. 

Concrete which has s<»t hard has a surface skin or glas^x* to which 
fresh eoncrete will not ndh(*n* strongly unless special efToiI is made 
to pc*rfeei (lie bond, Various ways of doing tliis are as follows: 

METHODS OF BONDINO NEW TO OLD OONOBETE 

Nc‘W e.onerete sliould he joined to old c.oner(*t(* only after the 
surface of the old eonertde has been removex! by mechanical or 
clietnicid means, and the rough surface made in this way tlioroughly 
cleaned with Hcrubhing-hnwlies and wal(*r. 

Preparing Surface.— AV!ic*n a course* of fresh concrete is to lx? 
laid on a surface of concrete wliich lias been exposed for H(*veral 
days or longer, tlie surface should be thoroughly cleaned of all 
foreign material and laitance or scum, and tlrenehed with w'at(‘r 
(preferiibly under pressure), so as to make a firm bond hetvv(?c*n 
the two layers. It is very important that the surface be clean. 
The n*aHon <iif!lcn!ty is experienced in making new work join to old 
is that not suflhui^nt care is used in getting the old surfaces ch*an. 
Till* secret of seeiiring a gootl Ixnid between fresh eoncrete and con¬ 
crete tliat lias set lies largely in getting rid of the glazed skin and 
the slime and dust which form on it. 

If necessary, the surface* of tlx* set eoix'rele should be* thoroughly 
rubbed with stiff wire or willow brooms, r(?mo\‘ing any loose st(»n(*H 
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at tli{‘ surlacH^ that apprar f*» Im* Iihshi*. i in* In ‘4i«ni!ii In* 

l'ollo\V(‘d l>y washiui; to rt*rii<no all Ioohi* .uni 

Tho sui’i'iuM* luuy hIho ho roioj^lit‘io*il wit It ii pit'll* |i I't hi-^i 

op( 0 'ation is not alua^-s ns lioiiothhiil ii^ iiiyii,r4i«*4 1 1 *!- 

piokiny,’ shoulci ho followial hy wasiiiiiy hi nil rlnpn 

and dust. 

Spooial oavo !nust ho tiikoii to rniitno itll nr hirriyii 

matorial from tho «dd ooiiortdo bofnro iiiiv nl I In* 

now work is mado. If hiitiinoii h-iis onllotioih it lir rinriiiliv 

and oomph'loly romovf*d litdorf* flio now iiiiilrriiil fiddril, m 

io mtiko a hottor hotuL AIhci tlio fiiriiH ulintihl lir* ririiiif*i lil mn 

oonoroto that lias ht^m Hpaltorod on llioiii. Kiiiliiiiu m-* hini fm 

joints as sawdnst, and iicitiiiiiir is so iiiirti In ynl ml oi, ^luntivirm 

and hlooks tif wood may lio piokoil ii|i willi mu |»irkt*r*i* tilnrii 

aro piooos of wood ahf»nf I in. si|iiiiro ii luii^ dtiirii 

into ono ond. Ltmso yriivol, oto.* oiiii iiftrii In* tosi Spn4mh 

howovor, roniains. Fivoii ii stroiiir nimmm of ttator iitiln !« i»ri 
rid of it. Livo stoam iit n liiyli pn^sstiro will, rlimit off ihr 

snrfaoo t»f tlm oonoroti* to flit* hniio. It ri‘iiiinrii nli flip linif wf imd 
doful eomont and all tlio siiwihist. irilii nUmm if4 

balow. 

Do tiot allow any frosli ooiiorido tii lio tlopiwilod t«ii risiirrrir ilifti 
has boon in plaoo anil sol» iiiitil tin* siirfaro «»f ilio rniiripf*^ in pliirp 
has boon wiishod oloiin* Wissliiiitf tlii* olil iiilli « #ir 

sorubbiny it with ii bruiili iitnl wiitiir i«i|tri*trs I bp iiomb «»* iiImi 
the hard tampiny of tint otitiortdo iiiiiiiPiiiiilidf «ori tbo In 

faot» in tho oplni(m of llio iiiitlitir, tin* 

Burfaoii %vitii wiitor Is iiioro osnoiitliil tliiifi fi bniiliiip r«»iii «f mfiriii 

irrcnit or mortiir iiiotitionod Itidow, Kp#|i a liiipiD plrtili nl 
water pressure and do not li«ilat« to iiiit it frvidy fm |«ii 

poHoa, 

Olsaninf with Stiatt,—After tbo ^tirfiioo of ilip «l*l ri^iirrrfp 
been brushed a» cdeiiit m |icw«ilil« mdlli sisif lirir*i|iri», it iinii ilittii lir 
gone over with a uliiam jtit tiiitler Itiiiti firp^iiip Tlir mill 

eertitinly ehmn of tlw eoiirrtto m i*bit ifili flm^ ntpain will 

leave tlm Hiirfaee |»erfeetly dry, m tlsal it m i!ii|wrtfif3t lo iirli iIip 
surffiee tliorouglily with water iifterifiirii«* TIip iieiv «iiirfetr 
bo plaeed im mod lately after tlie wirfiiet* elttaiiPil fiint dn-mriird 

It ia al»oIutely eaientiiil flint tlie ^iirfare iif llie stlil r«firrpip lip 
drenalied with water after mim the nUmm Jid fi' tise ft*!* iini 
liuw enough to jiiitify a ilewfi Jet, tlieii iiw wirp 

and plenty of cdbow greiii#, fiilltiwiiit «dtti witer #i|i|iiiril n 

hose. (Bee pages Bfifi and 44II4 

Oloaninf with Add.—-Insteail iif iiiiim *tpgiti, iltw «lil rtiiirrriit 
surfiiee may be wadied with a niiliilitifi mf liyiifurliliiilr iitnifiiiiirl 
aaid, erne part arid to tw«i piirti »*at#r. iifter m’liirli iIip liinffirp mfint 
be enrefully wiinlted to reitnn^i* iiiiy free ieiil Aiiy rpiiifiiniitif ttiire^ 
of aeui may Im deteeted by the witer left im iln* 

The Hurfuee of the liirdtiieil eoiierete tuny iil«i lut trpfiiril »itli ti 
«peelally prepiired iieid wadi, iiieli an Tlii# itiwli 
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tnust hc‘ ilu)n»u«*lily ri'tuoved by \vasliiiii»‘ with ))nr(‘ water. .If 
r(*inf(>reiu.u’ is usimI, do not use any arid, but do the best work i)ossible 
i(» make a ^‘otxl j’oini without it. (See pai^'e ddb.) 

This is a very eonnnonly applied luethod o\l cdeaninj'' old eonerete 
surf‘a('(‘s f)r(‘paratoi*y to plaein**' n(‘w <'oneret(‘ ai>’ainst them, and by 
ituiny is eonsid(‘r(‘d th(‘ otily aale otu' lo use, espe(dally where a 
^‘finish eoat’’ is to be put on after (he etiuereie base is set. (See 
pact's 410, 42."), 442 and 482.) 

Wetting Surfaces.---After the old eonerete surfaee has been thor- 
ouydily eleaiu'd (tuther with brushes, steam or aeid) of all loose 
mattuual, lailanet* atul dust, il must bt' thoroughly drenehed, that 
th(‘ old eonende may not absorb water from the fresli eonerete. A 
eoat of eemtmt y:rout over work or a tirst bateh of mortar is a wise 
prt'eaution, allhou^h not half as valuable* as the use of plenty of 
water. It is imperative that old eonerete be well soaked with waler 
b(*fore new eonerett* is joined to it. If necessary, the old surfaee 
should be kept eovered with water for sevcwal hours. 

Cement Grout Coating.- The tnost eommon method of bonding 
muv to old eonerc‘t(* is to clean the liardened surfaee from all lo{)He 
ntiattudal in a mamH*r similar to that (h'serilxul above, and give it a 
thorougli wash of eenumt grout, against whiedi the fresh eoner(‘t(* is 
depositcHl iitid rammed bc‘fore the grout has had time to set; hut 
grout is some*what umu*rtiiin in its aetion. In joining new and old 
layers togid.her, tt)o much eare eaunot be taken to have them well 
grouted as refilling proec*eds; too much grout, hovvevtu*, sliould not 
h«* used, or the liedding will tiol lye so good. Tlu^ e(‘ment grout 
should 1 h‘ thoroughly hruslied and tamped in with an ordinary broom, 
aftc*r which llie muv comu’ctc* may b(' placed. The eare lak(m is of 
no avail if tlie eernent grout is allowed to dry out or H(‘t before the 
new concrete is put on. 

Neat Cement Coating.~Neat cement is sometimeH sifted on the 
previously moistencnl surface and rubbed in with a broom. The 
author, however, does not recommend this practice. (Irout is more 
satis factory. 

Cement Mortar Coating,— The bond may be strengthened by 
spreading a bed of Irl or 1 ;2 cement mortar, say, Vi? thic.k on 
the prepared surface Just before laying the fresh concrete. The 
mortar sliould not be leaner than 1 part Portland cement to 2 parts 
sand. The mortar sliotdd not be poured, l)ut should be thrown on 
the surface with shovels, half a shovelful at a time. Then h(‘gin to 
(h^posit the concrete. If the joint is vertical and tlie ttiortar cannot 
he n*adily applied, use rods or spiules or pieces of wood to work tlu^ 
mortar in the eonerede up to the face* of the joint and into tlu* l<(‘y. 
The first layer of tlie new concrete should contain a little more 
water tfian is customary to use for ordinary work. The care taken is 
of no avail if the mortar is alhiwed to dry out or set liefore the 
new eonerete is put on. 

There are some liigli-grade imported cements that in the form of 
cement mortar more readily atlhere to old conende* work than tlu^ usual 
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Portland cements. These cements are frequently used for patching 
and piecing out work already in place. (See Art. 30.) 

Retempered Mortar Coating. —Retempered mortar is sometimes 
used instead of the ordinary mortar coating as mentioned above. 
The retempered mortar is slow setting and interposes between the 
old, hard-set concrete and the new, quick-setting concrete, a layer 
of material that will join to both. It forms, as it were, an elastic 
joint during the time the new concrete is setting. (See page 166.) 
The addition of a small amount of lime prevents too great shrinkage 
in setting. Retempered mortar, therefore, with a slight amount of 
lime may be used as a material to interpose between old concrete 
surfaces and freshly deposited concrete to make a close junction. 

Proprietary Compound Coatings. —There are several compounds 
on the market that are assumed to possess the quality of joining ohl 
concrete with new in a manner to give a strength equal to the mass 
of the concrete. These compounds, however, have been used with 
doubtful success. Comparative tests that have been made where 
such compounds have been used, and where junctions have been care¬ 
fully made with new concrete, prove in most instances that they have 
little efficiency. 

Asphalt Coating. —^Where two or more sections completed on 
different days join, a hot asphalt or other bond approved by the 
engineer may be used between adjacent sections. 

Use of Retempered Concrete. —In attempting to bond new con¬ 
crete to that which has been set a long time, it is claimed to he an 
advantage to allow the new concrete to take an initial set and then 
add water and remix it before using.^ The advantages claimed are: 
First, since concrete shrinks in hardening in air, allowing the con¬ 
crete to take an initial set and then remixing it eliminates part of 
the ordinary shrinkage. Second, all concrete shrinks through cooling 
after the elevation of temperature due to the chemical action of 
setting, and the addition of water the second time cools the concrete 
and prevents at least part of the shrinkage due to this cause. 

Use of Dry Mortar. —Sometimes a mixture of sand and cement 
(1 to 3) perfectly dry is poured over the top of a wall a few minutes 
before work stops, and puddled well, so that as the cement paste rises 
it mixes with this dry material and a semi-porous coating is formed 
on top which contains little or no dirt. When starting work the 
next morning a thin paste of cement and water is placed over the 
top, and then on this a cement mortar 1 or 2 in. thick. The concrete 
follows quickly, and the result is generally a first-class joint. 

Layer of Broken Stone, —The surface of the concrete which is to 
be bonded to other concrete may be left in a rough condition by 
spreading a layer of broken stone or gravel over the same, ramming 
half the depth of the stone into the green concrete and leaving the 
upper half of the stone protruding. Large stones weighing a hun¬ 
dred pounds or more are frequently embedded one-half their depth 
in the next layer of a day’s work to form a bond with the following 
layer. These should be deposited irregularly in the fresh concrete 


* Baker’s “Masonry Construction,” 1909 edition, page 173. 
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aj-id allowed to Ix'eome linuly embedded, projecting somewhat irre^’m 
larly above the upper suira<x' of the mass concrete. 

Metal Ties.- Sonuhinu^s short pierces of iron or ste(d [)roj(‘c(ini»' 
up from the old work are embeddtHl; the new work j^rips to this nuhal, 
which thus forms a tie. If tlie old work is left very roui:'‘h and 
irre.a'ular, it will pi‘ol>ably not b(‘ necessary, ex(a‘pt in extreme cases, 
to us<‘ metal ties. (See pa^’e 340.) 

Old Rail Ends.'—lf for any reaison the work has to be int(‘rrupt(‘d, 
a number of old rail tmds s(4. vertically may be partly embt‘dd(‘d in 
ilu‘ last laytM’ so that tlu‘ proj(‘ctina’ ends will provi(l<^ a pap for 
the succeeding' layers. This should not be peu'mitted, however, near 
the top of the work. 

Cement Bags Filled with Sand.—On hiuh core walls for (‘arth 
dams, ccunetd baps tilhal with sand are sometiines us(‘d instead of 
phude to mnk(‘ (he (md fac(‘s (d‘ (‘uch section of concrete. Such baps 
art' [dh'd up so as to makt' steins, each sit'p bt'ing about 3 ft. hipi. 

Bags Filled with Ice.- A novtd method of l)ondin^^ lU'w concrete 
to (dd consists In placitii;* ba^s td' cracked ice on tlu' last surface's of 
c'oncrt'tt' plact'd at idirht, thus reducing; the tempt'rature of tlu' conendo, 
and cousecjm'utly r(‘tnr<linii: its tinu' of sedtinp so that on the lU'.Kt 
morn inis’ the surface' is still plastic and the. concrett' theti placed will 
sc't in one* mass with the old. This mc'thod has work(‘d \'(‘ry succ('ss- 
ftdly for small work but to what extent it could be applic'd to heavier 
wtu'k is not ns yt't ktmwn. 

Grooves and Rammer Holes.~The surface of tin* concrete* which 
is to be* bond(‘d to other concrt'tc^ may b(‘ left in a rou.u’h condition 
by si'ltiim in strips of tind)er, say, 4 or G in. S(fmu*(*, vvhicli wlu‘n 
r(‘mov(*d will ibrtn a | 4 ’roov(* and assist in tnakin^ a u'ood bond. In 
ofln*r words, in ord(*r to bemd the sncci'ssivo course's, horizoidal 
channels running leniithwisc* of tlu' wall at least two inclu's di'ef) and 
f(mr imdicH widt* sboidd be fornu'd at (he top of ilu' upper layer of 
taicb day’s work, and at such otlu'r levt'ls as work is inierruptt'd, 
until (he concrete has taken its initial set. 

Another metliod is to take a rammt'r aboid. 4x4 in. ami go over 
the soft eonerete, forcing tlie rammer into it about 2 or 3 in. d(‘C‘p 
(mce to every foot of surface, tlum making a number of holes or 
indentations in the soft concrete. The next, layer (d* couen'te will 
till these indentations and dowel the two layt'rs of eonerete togetlu'r. 
If flit' eonerete used is too soft t(» hold tlu' irnk'niations mad(‘, a 
number of (bin. wocxleii ciddcnl Idocks (or strips or tindn'r, as men¬ 
tioned ahcive) can he errdjedded in tlie last layer laid and h'I’t in 
until ready to begin conending again. Beveling the (‘dges (d‘ tlu'si* 
blocks or strips of timber will facilitate their removal. 

To bond a vertical face of one section to that of the next, one 
or nmre upriglds c»f, say, (I or S in. siiuare timber may Ix' heddi'd 
in tile concrete and removed before liuilding the adjoining si'ction: 
or a trough made of two 2xt0-in. planks may be beddt'd with its open 
face agiiiiwi tlie plank forming the end of (he section form. 

Expansion Joints.—When* c'X})ansion joints (x-eur, tin* face's of 
the old concrete, after licing clcamxl dry, Hliould Ix' given a heavy 
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coat of crude oil, which should have at least one day^s drying before 
fresh concrete is laid against it. (See Art. 28.) 

Ramming Layers of New Concrete. —Care must be taken to espe 
cially and vigorously ram the first new layer of concrete and the 
ramming continued so that a dense concrete will result, with perfect 
bonding between the several layers. These layers must be made 
with great care and in a manner satisfactory to the engineer. (See 
page 299.) As a rule, a good enough joint for ordinary purposes 
can be got by tamping the fresh concrete directly against the old 
concrete, without grout or mortar coating as mentioned above, if 
the surface of the latter is thoroughly cleaned by scrubbing and 
flushing. 

Failure of Concrete to Bond or Set. —Any concrete that fails to 
show proper bond, or that fails to set after it has been allowed 
sufficient time, should be taken up and replaced with new concrete 
of proper quality. 

Thin Edges of Mortar. —Thin edges of mortar that have run out 
over the center or bottom of forms should be broken up into small 
pieces and allowed to become embedded in new work. 

Art. 28. Contraction Joints 

Temperature changes and shrinkage during setting necessitate 
joints at frequent intervals, or else effective reinforcement, depend¬ 
ing upon the range in temperature and the design of the structure. 
The causes of expansion apart from the changes of temperature are 
not fully known, but, generally speaking, a cement used too fresh 
tends to expand. Expansion joints should be provided at all points 
where temperature changes would otherwise cause unsightly cracks. 
In all cases joints should be at right angles to their surfaces, and 
should be constructed exactly according to the engineer’s plans. 
Contraction joints are difficult to make in work designed to be imper¬ 
vious, and require exceptional care in their construction. Expansion 
joints should always be provided in flat surfaces, likewise sidewalks 
or floors. (See Art. 51, page 478.) 

Massive Concrete Walls. —^Expansion joints are very necessary in 
walls of large sectional area and considerable length. Undoubtedly 
many of the cracks which one observes in long walls of concrete 
would not have occurred had there been a careful distribution of 
expansion joints, which really locate the cracks to predetermined 
positions. 

In massive concrete work, such as retaining walls, abutments, etc., 
built without reinforcement, joints should be provided approxi¬ 
mately every 30 ft. throughout the length of the structure. To 
provide against the structure being thrown out of line by unequal 
settlement, each section of the wall may be tongued and grooved 
into the adjoining section. Each section should be finished from 
the footing course to the top before the adjoining section is started, 
and no attempt should be made to make the sections adhere to each 
other, so that when cold contracts the structure it will open up 
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sli^lilly ill these verlieal joints and not in an irregular ei’aek. A 
dowc'l eontraetion joint may be used instead oi‘ a tongue-and-grooved 
joint. 

Eeinforced Concrete Walls.--ln reinrorced eonerete walls the 
(‘Xpansion joints should be siiaeed about titty (50) i‘eet apart, unless 
otherwise eallinl tor or shown by the plans. 

Forming Ordinary Joints.- In ordinary short walls the joint may 
be made by setting up a temporary vertieal ionu or partition ot 
plank and eompleting the sec'tion Ix^hind as though it werj tlie end 
oL the strueture. When the eonerete is set the partition is removed 
and the new eonerete is placed against the old, without any alt (‘nipt, 
to Htanirt' a bond between the new ami the old, thus leaving a 
vertieal plane* of cleavage between the adjacent S(‘etions. In ord(‘r 
to cover up the ragged appearance oT the joint, the author would 
sugg(*st that a triangular strip be nailed to the form where the 
partition joins the face of the form in such a manner as to leave a 
vertieal triangular groove in the face of the wall with the plane of 
the contraction joint passing through the apex. A heavy coat of 
aspiialt or coal tar pitch, apiilied hot to the surface of the section 
of concrtde which was tlrst placed, may be used to prevent a possilile 
adlu'sion (d‘ the m»w to the old concrete. A sheet of tarred paper 
may also be used. (See page 503.) 

Forming Tongue^and-Grooved Joints.— There should be spiked ver¬ 
tically to the face of the temporary partition or bulkhead a triangular 
or rectangular <ir U-shaptMl tindH‘r against which tlu^ concrete is to be 
rammed, so that a (U‘pn»H.sion will be formed in the end of thc^ section, 
giving tiie etTect of tongue-aud-grooved joints in the tinished wall. 
Tilt* advantage of tin* tongue-aml-grooved joint over the ordinary 
joint as mentioned abovtt is to strengthen the wall against a lateral 
thnwt applieti near tlu* joint. 

Forming Dowol Joints.—A dowtd contraction joint is made by 
inserting a short pit*ct* of railroad rail in tlie end of a section of a 
retaining wall and alhnving the rail to project a short distance, 
(’are must be taken to mm tliat the projecting ends of the rails are 
well wrapped with paper or coated with soap or axle grease, in order 
to prevc‘ut the atlhesion of concrete when the adjoining section is 
p!act*d. Otherwise the concreti^ laid in the last section will not be 
free to slip on the rails with temperature c.IiangeH. (See also Art. IB, 
page 2311.) 

Art* 29. Protection of Concrete after Placing 

Ckmcrete slionld not be <listurbed mere than absolutely necessary 
after tieing put in place. It is useless to make good eonerete^ iiulesH 
care i« taken to protect it until it is hard enough to take eare of 
itself. The setting of the concrete is greatly influenced by aimos- 
plieric conditituiH. Ibd weather accelerates the action, and c(dd 
weather reiardH it. Otherwise, neither lieai nor cold need have any 
injurious aedion on the concrete if proper precautioim are taken. 
Until sufficient hardening of the concrete has occurred, the struc- 
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tural parts must be protected against the effect of freezing and 
premature drying, as well as against vibrations and loads. These 
precautions are indispensable. (See also page 460.) 

Concrete Deposited in Wet Places. —Concrete required to be de¬ 
posited in wet places should be thoroughly protected so that the 
cement will not wash out. (See Art. 36.) No water should be 
allowed to stand on or to flow over fresh concrete work until the 
work has had time to set. 

Jarring of Concrete. —After the concrete is placed it must be left 
undisturbed until it has received a hard set. To this end care must 
be taken in placing concrete beside other concrete that is partially 
set, so as not to undo previous work. Jarring the projecting ends 
of steel reinforcement with buckets, wheelbarrows or carts in placing 
fresh concrete will impair the bond of work that is partially set. 
Jarring the forms by the buckets or carts in which the concrete is 
handled will give the same results. The jar of a hoisting engine 
and concrete mixer or other moving machinery should not be allowed 
to reach the setting concrete. The concrete work must not be sub¬ 
jected to sudden shock by dropping lumber, in the storing of false¬ 
work, upon it. 

In the placing of concrete in girders and floor systems it is 
quite a common procedure to start near the hoisting tower and work 
toward the opposite side of the building, in which case concrete 
placed in the early part of the day, and having received an initial set, 
is subjected to the continuous passage of wheelbarrows heavily loaded 
and roughly handled over runways of single planking unevenly laid, 
and with no regard whatever for deflections and vibrations which 
will be produced in the freshly laid floor. These deflections and 
vibrations are often quite considerable, as the rigidity is only that 
offered by the supporting forms (see page 212). The author has 
seen a panel of floor, after having been subjected to the vibrations 
and shocks due to about one thousand loaded wheelbarrows and two 
thousand men passing over it before it was ten hours old, with 
cracks extending at right angles to the reinforcement so large that 
they were noticeable in the light of an arc lamp. And on the follow¬ 
ing day, when the concrete had a good firm set, these same cracks 
were fully as noticeable. 

In placing the concrete the work should be so laid out that partly 
set concrete will not be subjected to shocks from men wheeling or 
handling material over it. In fact, the distribution of concrete must 
be so arranged as to reduce to a minimum all traffic and wheel¬ 
barrows over actual finished work. This may be avoided to some 
extent by planning the work so that concrete farthest from the 
mixer will be deposited first. Where concrete that is setting has to 
be worked on in order to carry on the operation, planks should be 
laid on small horses in such manner that the finished concrete is not 
disturbed in wheeling or walking over it. 

Walking over newly-laid concrete should be avoided as much as 
possible. If walked on or wheeled over during the time of setting, the 
set will be incomplete, or may be entirely destroyed. Concrete 
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should he allowed to set for 24 hours, or more, if so directed, before 
any work shall be laid upon it or any walking allowed upon it. 
Walking across a concrete floor before the hardening is sufficiently 
advanced will cause rotten places in the concrete, if not permanent 
injury. Workmen are likely to pay little attention to this, and 
constant watching on the part of the inspector is necessary to guard 
against it. Workmen who persist in walking on green concrete 
should be discharged. 

Protection from Sun and Wind. —Exposed surfaces of freshly 
placed concrete should be shaded to protect them from rain, dust, 
wind and the hot rays of the sun, by boards or tarpaulins. Pro¬ 
tection of concrete from too rapid drying is important, especially in 
the case of narrow sections and reinforced work. When work is 
delayed for any’ reason the upper exposed surface should be pro¬ 
tected by a canvas cover until the woi’k proceeds. If the concrete 
surface has been badly hair-checked from heat the defect can usually 
be remedied by rubbing with a carborundum brick as described on 
page 400. (See page 490.) 

Keeping Concrete Moist. —After concrete has been placed, a very 
important detail is to keep it constantly wet until it is covered over 
with whatever material is to come on it. In a way, the successful 
making of hay and concrete is very much alike—both must be well 
cured. It is a common thing to find experienced foremen who fully 
believe that concrete should ^^dry out,’’ and many pieces of other¬ 
wise good concrete have been rendered worthless by acting upon this 
idea, which ignores tlie plain fact that hydraulic” cement requires 
water. In other words, care must be taken to prevent concrete from 
drying too rapidly, especially in hot weather (see page 348). 

To enable the concrete to set properly it must be kept moist. 
This is an item which too often is neglected, especially in rush 
work, and which prevents many otherwise well-designed reinforced 
concrete constructions from attaining the strength intended. Keep¬ 
ing the concrete wet prevents to a large degree contraction in 
hardening. All exposed surfaces of finished and unfinished concrete 
should be kept constantly moist by sprinkling with clean water at 
short intervals, unless otherwise directed during cold weather, or by 
covering with moistened burlap, or by such other means as may bo 
approved. This moistening should continue until the permanent 
covering is in place, or until the concrete has sufficiently hardened. 
Wetting should commence as soon as the surface of the concrete has 
set. Failure to observe some such precaution is almost certain to 
result in a weakening of the concrete, due to the setting up of 
distortionate hardening stresses, and especially in hot, dry weather 
is the danger real, the outer crust being then oftentimes seriously 
damaged as mentioned on page 380. 

The surface of concrete exposed to premature drying should be 
kept wet for a period of at least seven days, and the longer there¬ 
after, the better. This may be done by a covering of wet sand or 
sawdust, burlap, or by continuous sprinkling, or by some other 
method equally elfective. An excellent practice is to cover the surface 
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with burlaps, which may be kept saturated, as this not only furnishes 
the necessary moisture but protects the work from the direct rays of 
the sun. The interior of a large mass of concrete work will probably 
take care of itself by keeping the burlap wetted down by means of a 
hose, but the precaution has sometimes been taken of leaving vertical 
holes or wells in the mass, which are kept filled with water for some 
weeks and are then filled with concrete. 

Another very satisfactory method is to cover the fresh concrete 
surface, as soon as it is hard enough to bear it, with a layer of wet 
sand, say, an inch thick. This retains moisture excellently, thereby 
nicely wet-blanketing the concrete and feeding it with water as soon 
as it so requires. Attesting the benefit of wet sand, concrete cubes 
for testing purposes, molded in sand and kept moistened until 
tested at the end of a month, showed percentages of increase in 
crushing strength as high as 50 per cent. A layer of moist sawdust 
will answer as well as the moist sand. Layers of sand or sawdust 
are applicable only to horizontal or nearly horizontal surface. A^er- 
tieal surfaces should be kept wet by sprinkling, or, if the surfaces 
are exposed to the sun, should be covered with canvas and kept, 
wetted down as described above. 

Concrete laid in warm weather should be drenched with water 
twice daily, Sunday included, during the first week after being put 
in place. Throughout the work care must be taken to prevent the 
rapid drying of the concrete by the sun. Some specifications require 
that concrete be well sprinkled in hot weather every two hours of 
the first, day and at longer intervals during the several succeeding 
days. The inspector will, of course, be governed by the engineer's 
directions in this regard. Portland cement requires a large amount of 
water to form its crystals. You canT keep it too wet; the more 
water, the better. 

Plumbing and Leveling of Forms. —^No work should be done upon 
forms, nor should they be moved in any way after the concrete is in 
place, except to correct or secure them before the concrete has set. 
(See pages 211, 218 and 231.) 

Protection from Blasting. —Sufficient canvas or timber covering 
must be provided to protect freshly-laid work from blasting. 

Protection from Traffic. —^Vi^here traffic is unavoidable over green 
concrete, the surface should be covered with at least 3 in. of sand for 
protection, or suitable boards should be provided for the purpose of 
distributing the weights. If possible, keep newly laid concrete free 
from traffic of any kind for two or three days. (See page 491.) 

Protection from Frost. —^Fresh concrete should be covered to 
protect it from danger of injury by frost. Much more serious is the 
action of frost, and especially of repeated freezing and thawing; 
the precautions to be taken in the summer, as mentioned above, are 
simple compared with those required in winter, where the weather 
may suddenly change from mild to bitter cold. For protection of 
concrete laid in freezing weather, see page 360. If the concrete has 
been frost-pitted, on the surface only, bush hammering will give a 
rough stone finish, pleasing in appearance, (See page 403.) 
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Time to Set (Heavy Loads). —After the concrete has begun to 
set it should not be disturbed until it has hardened sufficiently to 
bear easily any weight that may be put upon it. Time must be 
given for concrete to become firm before masonry foundation or 
other mass work is commenced upon it, usually as much as 24 hours, 
as heavy pressure tends to retard the setting. In the ease of quick- 
setting natural cements, however, 12 hours may be sufficient. 

Protecting Finished Work. —All concrete ledges likely to be broken 
off by falling or other objects should be protected from injury. (See 
also pages 289, 294, 403 and 460.) 

Formwork should be allowed to remain around the members or 
structure as long as possible, as this lessens the danger of accident 
(see Art. 19), sagging horizontal members and of the breaking ofC of 
prominent corners and edges or of otherwise marring the work while 
it is green. 

Cutting of Reinforced Concrete Floors. —The reinforced concrete 
work should not be cut or drilled for the installation of pipes, electric 
wiring or other work without the permission of the engineer in 
charge of the work. In no instance should the concrete be cut away 
from the bottom of beams or girders or holes drilled in the concrete 
work at these points. With permission, holes can be drilled in the 
sides of concrete beams and girders, 6 in. above the soffit, and holes 
may be cut through floor slab, provided the work is executed in such 
a manner as not to spall or damage the concrete work seriously. 
But drilling into the bottoms of beams and girders, or into the sides 
of hooped or spiral columns, should not be allowed when avoidable. 
It is quite often possible to confine the drilling to the slabs and the 
sides of the beams and girders. 

When cutting or drilling holes in structural concrete of any kind, 
the lighter hammers and chisels should be used in preference to the 
heavy tools, and many light blows rather than a few heavy ones 
should he insisted upon, for the reason that heavy blows have con¬ 
siderable shattering effect on the concrete, especially in the first few 
weeks after pouring. Hence the pneumatic drill is to be preferred 
where obtainable, especially when putting in new bolt holes, etc., in 
great numbers. 

Art. 30. Patching and Repairing Defective Concrete Surfaces 

The concrete gang, and especially its foreman, should be made to 
understand that it is their duty to make concrete which will not 
require after-treatment to make up for their' carelessness or haste. 
This would eliminate many of the causes of failure in concrete work, 
and at the same time tend to secure better and more careful 
work, even from the irresponsible ordinary laborers employed in this 
connection. It ought not to be necessary on first-class work to be 
continually patching up. Arrises and corners can not be patched up 
except by cutting out large sections of the work. Plastering which 

put on finished work will not hold unless it is put in very thin 
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layers, and then it is doubtful (see page 410). Corners can never be 
satisfactorily patched up by plastering. 

Defective Spots in Beams, Girders, Etc. —It is customary to have 
all defective spots in beams, girders, slabs, columns, etc., patched 
as soon as the forms are removed, in order to cover up those defects 
caused by careless workmen or by chance, which it seems almost 
impossible to eliminate where exposed surfaces are concerned and a 
very smooth job is required. But it has happened too many times 
that when, upon the removal of forms, the under side of beams 
showed spots where the concrete failed to surround the reinforcing 
rods, they were patched immediately, thus making it impossible to tell 
just how bad the defect was, as the exterior showed only the surface 
of the patched spot. 

Inspection of Defective Work. —When concrete work is stripped 
of its forms, absolutely no patching or plastering should be done 
on it until the work has been passed upon by a competent inspector. 
Structural weaknesses might be covered up and never detected if cases 
of this kind were not properly examined as mentioned above. 
Furthermore, those places that need patching or plastering are the 
best indication of the general character of the hidden work. If every 
superintendent, foreman and other workman realized that no patching 
could be done until the spots needing it had been thoroughly examined 
and inspected, the result would be more careful work and the elimi¬ 
nation of a most fruitful source of failure. It cannot be too strongly 
emphasized that no patching up shall ever be done until the work 
has been carefully inspected. The author firmly believes that a rule 
to the effect that no patching of reinforced concrete be done until 
the work has been inspected by a duly authorized city inspector 
ought to be embodied in municipal building codes. The positive 
enforcement of this rule will be accompanied by better results 
generally. 

Patched work is generally detectable, being of a slightly differ¬ 
ent color than the body of the work and often is accompanied with 
shrinkage cracks around the patch. 

Workmanship. —^Where concrete is properly deposited and manipu¬ 
lated along the face of the structure, less than a quart of cement 
should be required to remedy any defects in appearance. 

METHODS OF PATCHING AND REPAIRING CONCRETE 

After forms are removed, any surfaces in the concrete not properly 
filled should be gone over with cement mortar and finished with a 
wood or cork float, rubbed with stone, chipped, stuccoed, or some 
other manner. In other words, all concrete that is spalled or honey¬ 
combed should be neatly patched with cement mortar. If appearance 
is an object, all projections must be removed by chiseling or bush 
hammering. (See pages 403 and 405.) 

Commonly when a concrete surface is to be patched a sand and 
cement mortar is made, some cutting is done and the mortar is put in 
and scrubbed with a steel trowel until smooth. It is then covered 
up for awhile. If the concrete under the patch is left dry it soaks 
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up tlie water of the mortar. As a result, tlie mortar does not set. 
If the W{‘ath(‘r is dry or hot the surfaec' oC the pateh dries out and 
tor th(‘ sauu‘ i*eason it (lo(‘s not scd. It the eonerete under the pateh 
is (lusty the pateh does not adhere to tlie eonerete. A earetul ohserv- 
anee of tlu‘ followiirii' instruetious will eorreet these defects. 

Cleaning Surface.- In all eases tin* surface to b(‘ repaired must 
first he thorou.uhly cleaned of all loose material, laitanee and dust, 
and the* clean, rou|i»ii, sound eonerete exposed to iHuanvu' llu^ patch. 
(S(‘e pag<‘ 327.) All pitting must lie brushed out with steel brushes 
until the surface* is rough. Probably the best method of ck^aning is 
by mt'ans of a sttmm jet. 

Cleaning with Steam.—This is a method of (deaning surfaces of 
old eoner(*te preparatory to putting on a pat(*]i of new, or of 
ek‘auing the top of a rough eonerete tloor before applying the* ^Minish 
coat.(See page 328.) The surfaee of the old eonerete should be 
brushed as clean as possibk* with stitT brushes and then gone over at 
least twice with a steam jet- -an ordinary piece of 
makes a very satisfactory jet no55zle. A short length of pipe should 
be conmwtcal to a Ht<*am hos(* so that it can lx* r(*adily mov(*d about. 
Steam is generally supplied by the boil(‘rs of the mix(‘r or hoisting 
(»ngines. Steam will el(‘an and heat the eonerete* surfaee, halving it 
perf(*etly dry, so it is important to thorougldy drench the surface 
with water after <*h‘aning with steam. In ('old weather it is found 
advatiiageouH to use hot wat(*r. (See page 355.) 

Excellent r(*Hults have followed the use of this method of cleaning, 
but it is absolutc'ly (‘ssential that the surface* of the old eonerete lx* 
thoroughly dreuehed with water after using ilu^ stc*am j(*t, otherwise 
the mortar pateh will not adhc'rt* to the old eonerete. 

Cleaning with Acid.™ • This metluxl inelud(‘s washing of the surface* 
of the old eonerete with a solution of hydrochloric (muriatic) acid 
(one part acid to two parts water), after whicli the surface must be 
ea ref idly and thoroughly washed to remove any free aeid. (S(*e 
pages 328 and 432.) 

This is a very eomtnonly applied method (»f cleaning old concrete 
surfaces pr(»pariitory to placing new concrete against them, and by 
many is eonsiderecl the only safe one to use, (‘specially where a 
finish eoat^’ is to be put on after the (xmerete has set. (See 
pagt^ 483.) 

Watting Surfaces.— Af!,er cleaning, the surtiux* to be repair(*d 
must be thoroughly saturated with wal(‘r, not simply moist(‘ncd, but 
HO Ihcu'oughly drenclied that the old concrc'te will not absorb water 
from the mortar used in patching. If possibk*, the surface slxmld be 
kept covered with water for several liours. (See page 323.) 

Moderately Bry Method (Vertical or Sloping Surfaces). -If the 
repair or patch is to be made on a vertical or sloping surface*, and is 
not t(» b<* more than in, thick, the surfac'e of the old (*oncr(‘t(% 
while Hfill wet, sliould lx* Hpa(ten*d or splaHh<*d with a c<*mc*nt grout 
(or pondered with neat eement), fcdlowing (his imnuMUately with a 
fairly stifT plaster coat of mortar made of the* sanx* proportions of 
cement and sand as were used in the original eoncrc'le, but never 
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richer than 1 nnnout ti> 2 sand. TItis pliwtar <*oat alioiiW ntit !»» 
thicker than in., and each cent should In* for«*od intf» I lie surfiu*i% 
but not dra^^.ired with a trtnvel. The surface of tnieli eiuit* «*xee|it tiu' 
final coatt sliouhl la* “serateluuP’' to *^ive a Ihuu! for the nt*\f coat. 
This plast(*rin^^ shouhl preferably lieirin at the top anti proK^ress 
downward, and only enouirh tinu* be iilltiwtHl to ptuaiiil each etui! to 
receive its initial std before* tin* nt*xt coat is applied. Tin* final tamt 
sliould be floated with a wooden float to the line! of the Hiirroiiiidiiii: 
eoncr(‘te. This piiteh shoubl be kept tlaiiip lUid pro!eeled from Mill 
or frost until fully set up. (lenerally, sueh pntelies are kept iiioisi 
by sprinkling them with water for several iliiys, (Hee page IIXk) 
Wet Method (Horiaontal or Nearly HoriioaM Snrftces). If the 
repair or patcli or finish eoat*’ is to be iiiiide on a liortzoiiliil or 
nearly horiy.ontal surfiice, tlie surfaee of I lie old eoiierete slioiild be 
slushed and broomed with a thin cement gnmt, following iiiiitie- 
diately witli a wed mortar made of I part of eeitieiit iiiiif 2^ •* parts 
sand or granite Keret*ningSt and of the full Iliieliiiei4s rri|iiiri*d iiiot 
leas than % tliiek, liowever). When IIiIh iiiortiir liegiiis to fake 
its initial set it should he Ihaited or trow’eled to siieti ii fliilsli m iiiiiy 
be desired. (See page 4B*i) 

Dowel Method (Vertical or Sloping Sttxfacas)*“df the repitir or 
patch is to lie made on a vertieal or sloping «iirfiiee, iitiil is to ho 
more than II 2 i*!^* thiek, It will be mhisfihle to efiiheil ilntteii* liilo the 
old conerete, as deeply im tin* tliiekitess of tlie |irfi|M>;*ie*l jiiiteli, mid 
spaced Butllciently close fogetlier to firttily itiiclior the piitcli to the 
old concrete. Tlie dowels must he wedged iitfti the old coiserete, mid 
it will be* advisnhki to fasten wires, nietiil fiiliric or burn t«i the 
dowmls, in the ease of extensive piitcliiiig, m mi inlditiiiiiiil niifegtifird. 
The patching may he done with inorliir without forms* or with wet 
concrete supptirtcsl tiy forms, depemlltig tt|Kiti the tliiekiie» mid the 
extent of the patcli. (Bee page 412.) 

This metlual can he made iinlforinly stimwsfiil, lint ciiiiiiot iilwnys 
be iippli«*d. When* any coiistileriihle iitims of new* emirridp is |ti he 
conniaded to old eoncrete, t!ii» k tlie oiily siifts iiielliod to |itirstie. 
(Bee page TIL) 

Beinforciag Fabric Method (Horlioattl or Ntarly Horifoalsl 

Sorfaceg).-.4f the repair or pitieli In to he iiiade oti 11 litiii/oiifttl or 

nearly horizontal surface, iiml of ciitisideriiliie tliickiiesi, dom’eb ittiiy 
be used, or the concrete may simply hti reiriforcittl liy fiiliric nr liiiw* 
witliout using (lcnvek--‘-^.4reiitltig the piileli m 11 lilock iif iiiitMiiiry, 
Wedge Method (Horlioatal or Virlicid S»fac«).--»rare niiwt he 
taken not to hiive thin edges on pi4tclii»«. To nviiiil this, it iiiiiy hi* 
necesHiiry tc) cut out sound concrete iiroitml n place to he piiteliefl. 
80 as to give deep edges to the piiteli. If ponsihln, flic edgw slioiihi 
he umlercut, so tliat the new coiierid-o will Imi iii4d tii plfieii, wlioii «4, 
by the shaim of the himliiig edge» of the ohi eiuicrete. 

The difficulty of undercut ting coiicrett* wi m to neciire utieli edpt^ 
i« too greiit to miika tltk itiefliod ii|iplicahIo where it cotisiileritlile 
depth of new ctmcrelo m to he put in. 

FatcMttf Oooarote Floors.— Wlitti n fimitat floor »urfaec hcgiip hi 
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\V(‘ar it is ofUai (l(‘sii’ahlo to pai('h it and the way in vvhicdi this ean 1>(‘ 
doiU‘ will now })t‘ (UscussimI. 

Cut down (Iu‘ worn phu'o al l(‘ast ly^ in. This euttini^ should he 
carried into tlu‘ stron.u' iinhrok(‘n eoncr(‘ie and the ed^'es sliould l>e 
(deanly undcueut as nientioiuMl above Tor the wedj^'e tnethod of 
patcdiin^’ eoinu’ele snrl‘aei‘s in ^’eiu'ral. 'Plu^ bottom of the cut should 
Hum l)(‘ swe[)t out, (dcain-blown out with compressed air, or a pair of 
bellows, if available or by means of a steam jet as mentioned on 
pa| 4 ’e li.'h) tlum thorou|.(hly wet and scrubbcal with a broom. In this 
way small loose particles of broken mattuial which the chisel has 
driven into llu' surface are removed. A .ai’onl made of pure cermmt 
and water about the consistency of thin cream should be scrubbed 
into the port^s with a broom or brush, both at the bottom and sid(‘s of 
th(‘ eut. Following Ibis a stitTer ^rout about the eousist(mcy of soft 
putty should be thonm^ddy compressed and worktul into the surface, 
wliicii has alreatly been spread with ^n’out. Finally, luTore the jLJ:rout 
is set, a mortar made of one part cemetit to one and one-half or two 
parts crushed stone or ^n’avel, consisting' of | 4 'rad(‘d siy.es from %-in. 
or dowm to tlu‘ smallest excludinii: dust, should be ihoroii|;'bly 

mixed and put in plaee, then floatcul to a proper surface, (k)ver 
with wet baiTirin^, w(d sand, sawdust, or oilier available material. 
All trucking should be kept off and ihe surface kept thoroughly wet 
for at least om* week or ten days. 

If a particularly hard surface is required, (bpenny nails may be 
mixcul with the mortar and other nails stuck into the surface when the 
patcli is finished. Tliis will produce a surface which is extremely 
hard and durable. 

Eepairing Broken Comers* Broken corners should be carefully 
repaired by tiioroughly cleaning the surface, wetting the patch down 
well, then if possible driving 20-penny nails or railroad spikes into 
the concrete, putting up a form and grouting the broken place. 

Precautions.-- Do not point up with a mortar ricluu* than the 
mortar used in the matrix of the concrete, for cracks will apptuir 
around tlie etlges of the patch, hesideH which the color will he 
diflerent. Tliat is to say, the mortar used in patching should have 
the mmte proportions of cement and sand as the original conci’cte. 

The less the mortar patcdi is rubbed, tin* less hair cracking will 
result. It takes a good deal of rubbing to get atiy resiiKs, and loo 
much rubbing generally results in liair cracking as excess cement is 
wcu'ked to the surface. 

A more uniform appearance to the work will be obtained if tlie 
pointed portions receive the imprint of a piece of board, which will 
leave the mark of the grain of the wood similar to tlie marks left 
by the forms, instead of tlie mark of the trowed. 

Patches on concrete surfaces may be lightened to make their 
color the same m the original work by adding a small (piantity of 
lime paste. 

Frouen Concrete.— Any concrete which has been frozen or frost¬ 
bitten sliould be promptly removed and repaired as directed liy the 
engineer. (See page 305.) 
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Art. 31. Efiaorescence on Concrete Surfaces 

Efflorescence is the term applied to the whitish or yellowish accu¬ 
mulations or stains which often appear on concrete surfaces exposed 
to the action of the weather. Whitewash'' is another name j>*iven 
to these blotches. This whitish scum sometimes appearing: on con¬ 
crete work if due to the leeching out of lime or other soluble 
chemical salts, is termed ^^efflorescence." But if the scum is due to 
excess of cement it is known as ^^laitance." The white efflorescence 
sometimes seen defacing concrete is not permanent or sei’ious, and is 
easily removed by scrubbing with broom and water. Efflorescence 
does not mar simple details nearly as much as it does ornate ones. 

APPBAEANCE OF EFFLOBESCElSrCE 

Efflorescence is very erratic in its appearance. Some concretes 
never exhibit it; in some it may not appear for several years, and 
in others it shows soon after construction, and may appear in groat 
quantities. In fact, the efflorescence may appear soon after the wall 
is built, or it may be that a long period will pass before this action 
takes place. 

Wet Weather.—^Efflorescence usually appears after a long wet 
spell when the concrete has been exposed to much water or dampness. 

Horizontal Joints.—Efflorescence is particularly noticeable just 
below the horizontal joints in concrete walls, that is, just below the 
line between two successive days' work. Eor example, where a 
section of concrete retaining vrall is first built, and a day or more 
afterwards a concrete coping is placed upon the wall, there is almost 
sure to be an unsightly white or yellow stain formed just below the 
coping. In other words, the most common place for efflorescence 
to appear in walls is at the horizontal junction of two days' work 
or where a coping is placed after the main body of the wall lias 
been completed. It is most troublesome at horizontal joints wlun'e 
new work is placed on concrete that has already set. A close exami¬ 
nation of these joints shows its appearance in the form of a very 
thin layer, of a soapy consistency. While efflorescences are moat 
pronounced below copings, and wherever horizontal joints occur in 
concrete, they are not confined to such places, but frequently appear 
upon the face of a wall that has been built without horizontal joints, 
due to stopping of work at night, and which has been puddled in 
and not tamped in layers. In monolithic work efflorescence takes 
place on vertical or inclined surfaces most frequently at the plane of 
junction of old with new. 

CAUSES OF EFFLORESCENCE 

Efflorescence on concrete surfaces may be due to certain salts or 
soluble^ substances leaching out of the concrete and accumulating 
into thin layers after the water has evaporated. The absorption of 
water from the atmosphere may also account for this deposit in 
some degree, especially near the sea. Where new work is joined 
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to old there is an exc(‘ss of ('eiiieni at llie joint, whioh makes it miieh 
more waterproof ilian tli(‘ body ot‘ tlie wall. Watei* percolatiiiii; 
throu|>:li the wall washes out tli(‘ al)ovt‘-zia.nu‘(l soapy material at this 
joint, thus eausimr idlloreseenee. Whether the ellloreseeiu'e is due to 
one or the otluu' of these eaust‘s, the azddou and the results are the 
same. The real eause of tlie depositiozi of this inenislation is not. 
positively known, hut it may probably be explained in one of the 
foilowine: two ways: 

Loss of Cement.—Where* eonerete is laid “dry'’ and rammed, or 
wlH‘re it is laid “w(*t" and puddled, the horizontal surlaee of tin* 
finished eonerete layer eonsists of a mortar rieher in etunent than 
the body of the wall. Kven if it is not rieher at the time the eon- 
Crete is left to B(‘t, it is usually itiade rieh(*r when a day or so later 
a sprinklinir of iU‘at cement is plaeed upon the surfaec to act as a 
binder for the next layer. The most finely pulverized portion of 
the cement fails to be acted upon chemically by tlu^ water, tin* cement 
remaining inc*rt and afterwards b(‘in|i: wash(‘d to the surface, where 
it is depositt*d and tlu're forms an unsi^’htly incrustation. This 
deposit is at first white, and afterwards turns yellow. This action 
is not unlike that whicli takes place in concrete deposited tinder 
water. As concrete is placed in watt‘r, a li^ht colored, powdiwy 
substance is hc‘ld in suspension by the water and is usually called 
“laitance.” (S(‘e Art. 30, pa|i:e 372.) Wli(‘n a eoncrt‘i(* is mixed 
vc'ry wt*t the saim* action usually oeeurs. Analysis of this laitance 
shows a composition a^n*ciituf very closely with that of et‘m(‘ni, and 
it must bo inferred that the laitance repr(‘sentH an actual loss of 
ctmient. 

Solnbla Balts in the Cement or Concrete,— Tlie use of or 

“sloppy” concrete app<‘nrH to have rc‘sult(*d in i^reaim* amounts of 
cfilorescence than was formmdy seen when “dry” concrete was in 
fashion. But repirdless of thc^ amount of water in eoner(*i(* at tin* 
time of its ileposition, etiloreseeiiee, more or h*SH pronomuaul, is ((uite 
cmlain to appc*ar after a pmdod of wc*t W(‘aih(‘r, owiiiji;: to tin* saiiira¬ 
tion of till* face of the concrete with water, which dissolves tin* 
soluble salts in tin* concrete and later deposits them upon tlu* faia* 
of the wall. In other wcu’ds, if tin* surface of the concndi* b(*cotm‘s 
saturated to a depth of a few inches, and if solulih* salts exist in 
ilw concrete (as tliey iremmally do), these salts will ultimatedy satu¬ 
rate the water atul will be deposHcal upon the conende siirfaci*, dm* 
to the more rapid evaporation of the wat(*r tli(*re and clue to the 
lower temperature at the surfaee. Sinn* solubility deerc*as(‘H with 
deeu’ase in temperature, and since the feerce of osmosis eaiisc's a 
flow of the solution from parts of the conen»{e eontainiim a stron^c'r 
solution to parts eontainin«r a weaker, it follows that the face of a 
medst wall may be fed with Holuble salts until all the salts are 
leached out of the wall 

It has been olwerved that efllori*scence rarc*ly occurs when certain 
brands of cement are used, and wlien othc*rH arc employe*!] it is 
inueh more apt to appear. It seems probable that in znany eases the 
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trouble is caused by the presence of certain ingredients in the cement, 
probably sulphates of calcium and magnesium, both of which are 
contained in many cements and both of which are slightly soluble in 
water. Cements containing much sulphate of calcium and mag¬ 
nesium are more liable to show an efflorescence than those containing 
little of the above sulphates. These sulphates are soluble in water, 
and when the wall is soaked they are dissolved and carried to the 
surface, where they are deposited in a crystalline form when the 
water evaporates. 

Different cements contain different proportions of soluble salts, 
and hence give different amounts of efflorescence. A careful chemical 
investigation of various cements which do and do not effloresce would 
doubtless prove of great value in this connection. Sulphate of 
calcium is somewhat of a harmful deposit, which may be supplied 
by the filtrating water or may come from the cement as mentioned 
above, either from the addition of gypsum or from the fuel used in 
burning. The crystallization of this salt in the pores of the con¬ 
crete at the surface may cause disintegration. On the other hand, 
efflorescence may be quite harmless, as when it is formed by washing 
out from the mortar an excess of hydrate of lime. A portion of 
the latter may then be changed to carbonate of lime near the 
surface of the wall and actually stop up the pores or voids, and 
prevent further filtration. 

As stated above, efflorescence on concrete surfaces is caused by 
the carriage by moisture of soluble salts or substances in the cement 
as in the aggregates to the surface, where the evaporation of the 
water leaves the substance. If there is too little water in the 
concrete when it is deposited, complete combination does not occur 
in the cement, the concrete is likely to be somewhat porous and sub¬ 
sequent moisture from any source has an opportunity to bring the 
soluble salts to the surface. When too much water is used it may 
separate the lime from the other ingredients in the cement to some 
extent, and when it evaporates it leaves the concrete somewhat 
porous and brings soluble matters to the surface. 

The most common place for efflorescence to appear in walls is 
at the horizontal junction of two days’ work or where a coping is 
placed after the main body of the wall has been completed. The 
reason of this seems to be that the salt solutions seep down through 
the concrete until they strike the nearly impervious film of cement 
that forms on the top surface of the old concrete before the new is 
added, and then they follow along this impervious film to the face 
of the wall. In other words, a slight skin of dense mortar forms 
on the upper surface of the concrete during tamping, which makes a 
comparatively water-tight layer. Water seeping into concrete from 
the rear or from above works its way to the outer surface at this 
impervious layer and deposits the soluble salts, which it has brought 
with it, upon the surface of the concrete as it evaporates. 

Color of Efflorescence. —Efflorescence varies in color according to 
the material causing it. White color may be due to sulphates of 
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soda, liiiu*, or nia.a:n(‘sia or bisulplmret oi“ iron. Yellow color is pro¬ 
duced by the action ot‘ vei^’etable micro-organisms. Green color is 
caused by soluble variadiate salts. 

Sodium Chloride or Common Salt.— Concrete to which common 
salt has been add(‘d (o prevent freezing during cold weather is very 
liable to show elllorescence. (See Art. 33, page 351.) 

Improper Manipulation of Concrete Work.— Kniorescence usually 
occurs in irn^gular patches, since in even the best work dilTerent 
portions of the concrete have dilTerent detisities owing to their being 
richer, or containing more or less water, or being tamped more or 
less severely. 

PKEVENTION OF EFFLOBESCEKOE 

Thc‘ causes of eHlorescence as mentioned above should be care¬ 
fully studied in order tliat methods of prevention or cure may be 
intelligently consideretL Ktllorescence is its own cun* if a sutlicient 
amount of the soluble matter in the concrete is brought to the 
surface to close the pores or voids and make the mass waterproof, 
but removal of the deposit by rain or other causes prevents this 
action and the etllorescence will continue to some ext(‘nt until the 
soluble matter is all brought out, unless proper nutans are taken 
to prevent this distigurement. There are three m(‘thods of prevent¬ 
ing or at least of decreasing ellloreHCc*nce, which have been tried with 
more or less success, and are as follows: 

Cement Containing Little or No Soluble Salts.— To prevent the 
ftuanation of etllorescence the most effective method would be to 
use eemcmt entirely free from soluble salts. Tln^re are cements 
upon the market which are almost entirely free from soluble salts 
(Hulphates and chloride's), and which will cause little or no etllores- 
cetice. The likelihood of engineers resorting to thci trouble of selecting 
such cements, however, except in rare instances, is not groat, even 
if they knew what cetnents to select, so that other mc'ans must bo 
sought. Perhaps it will bo sutlicient simply to use a face mortar 
made (»f a cement free from soluble salts and made rich so as to 
prevent percolation of water into the body of the wall. 

Use of Inclined Layers.— Tlie concrete may bo laid fairly dry and 
depositeil in layers having a slight slope, particularly the last one 
laid each day, toward the back of the wall, so that the drainage 
will be carried away from the face, and all objectionable incrusta¬ 
tion be cle|K)sitcHi on the back. This remedy is not applicable with 
wet or at least with sloppy concrete, unless tlie last concrete laid at 
night is mixed drier to permit of tlms sloping the siuTace. If the 
buck <»f the wall is stepped, as is common in bridge abutments and 
retaining walls, the t(»i> of the step should be given a flat downward 
sl<»pe away from the bo<ly of the wall, to prevetit pools of water 
from standing on the top cd* the step ami soaking into the body of 
the concrete. This may be renrlered doubly etT(a»tive by treating 
the face of the wall with a wash for remU'ring it impervious, such 
as mentioned in Art. 49. Inclining the layers toward the rear of the 
wall may be in itself m sufficient protection against leaching of tbi 
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soluble salts in the concrete under ordinary conditions. Sometimes, 
in addition to building the layers on a slight slope toward the rear 
of the wall, every other layer is well sprinkled with neat cement, so 
that all water moving by gravity in the body of the wall will be 
diverted toward its rear face. The top surface of each layer should 
be scrubbed with wire brushes and flushed with hose before the 
new concrete is placed. 

Waterproofing Concrete Work.—The prevention of efflorescence 
seems to lie in the direction of more impervious concrete, not too 
wet mixtures, well puddled, with great care exercised at joints and 
in depositing materials so as to preclude superficial cracks even of 
minute size. The more nearly waterproof the concrete the less 
efflorescence will show on the surface. In other words, make the con¬ 
crete waterproof, since if the water is kept out it will not dissolve 
the salts, and consequently efflorescence will be prevented. For a 
discussion of the several ways of making concrete impervious see 
Chap. VIII, page 421. By the use of one of the methods used to 
make concrete impervious—by the addition of alum and soap to the 
mixture—the efflorescence can be effectually prevented. 

In Gillmore^s ^^Lime, Hydraulic Cements and Mortar,’’ it is 
stated that if about 10 lbs. of any cheap animal fat is well mixed 
with 100 lbs. of quick lime, which is afterwards slaked and mixed 
with a barrel of cement, the formation of efflorescence will be largely 
reduced, though not entirely prevented. The object of the fat being 
to saponify the alkaline substance, the lime forms a paste serving 
only as a vehicle for the fat. 

Efflorescence can be prevented by waterproofing the exterior sur¬ 
face of the wall after the concrete has hardened. A method lhat is 
sure to be effective, for a time at least, is to use a Sylvester facing 
mortar (see page 443) or to apply a Sylvester wash of alum and 
soft soap to the face (see page 437). ^‘Szerelmey stone liquid,’^ 
when applied to the face of concrete, is said to make it perfectly 

impervious. A waterproof wash may be applied to walls made of 

very wet concrete, the wash preventing the escape of the efflorescence 
to the face of the wall. Other similar methods for rendering the 
concrete waterproof, which need not be described here, may be used 
equally well. (See Chap. VIII, page 426.) 

EEMOVAL OF EFFLOEESCENCE 

If the wall be kept continuously wet the water will finally dis¬ 
solve out all discoloring matter, and will deposit it on the face of 

the wall. In course of time, rain water beating upon the face of 

the wall will gradually dissolve and wash off the incrustation, particle 
by particle, and after a time the whole discoloration will disappear, 
but this process is slow at best. In fact, the bleaching process may 
be extremely slow, sometimes lasting for many years before the dis¬ 
coloration finally disappears. The removal of efflorescence may be 
accomplished by the use of solvents, by wire brushes, by sand blasts, 
by pneumatic tool dressing, and the like. Each of these methods 
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involves vvuitini;’, it may i)e a year or more, until the formaiion of 11 h‘ 
e{llorese(‘uee has ceased. Indeed even after years of waitinj^, there is 
no assurance that etllorc'scence will not appear on a wall, and on 
this account any attempt to nmiove it by scraping or dressinji? will 
prove l‘utile. Ktllor(‘scenc(s however, can l)(‘ removed by scrubbin.a 
the surface with dilute hydrochloric acid as described below; but it 
may return. Tlu‘ only way to actually ]>revent ellloresccuuu' is to 
watcu'proof the concnde as mentioned above. Where the (dllorescxmce 
extends over tin* surface of the wall, it may be covered up by the 
use of (Hunent coatings or wat(‘rprootin|i: compounds. 

Sylvester Process.— The Sylvester process, consistin^^ of alternate 
applications of hot soap and ahun solutions, has proved elTective in 
the removal of etllorescence. (See page 437.) 

Acid Washes,-— Washes of diluted hydrochloric, acetic, or oxalic 
acids may be used to nunove efllorescence. Hydrochloric (muriatic) 
acid is generally usc‘d for this purpose, one part of aeid to six or ten 
of wat<‘r. Very often the aeid is diluted with 4 or f) time's ils bulk of 
water, Tlu' wasli should be well rubbed into the pores of the concrt'te 
with a brush and should b(‘ rins(‘d ofT with clean water as soon as tlu^ 
efllorescence has disappeared. Tlu^ wash must Ix^ api>li(‘d vigorously 
with scrubbing brushes and irnmc'diatc'ly washed o(T with water from 
a Imse to prc'vt'nt the penetration of the acid. (See f)age 402.) 

Tooling Surfacas.—Tlu* efllorescence may he rc'rtioved by the ns(‘ 
of the sand blast, or tool dressing the surface, either by hand or with 
a pneumatic hammer; i. a., !)UHh-bammering or crandnling with tools 
op<*rated hy compressc'd air. But, as already explained, tlu're is no 
asHuranee that furthc'r c'dlorescencf' will rud take i)lace, and that snel) 
rneelnuiicnl removal may prove (udy t(‘ttiporary. Hovvu'ver, wh('r(' t li<‘ 
surface (d’ coticreia is to be tooled over, if this tooling is not done 
until the water has leaclu'd to th<* surface' the sidphate's from (he 
coticret<\ the tooling will remove permanently all the (*niorese(‘!iee. 

Art. 32. Ooacreting at High Temperatures 

In placing (*oncretc‘ in ext namely warm weather or in arid sc'ctions 
of tins country, wliere tin* humidity is much of the time' at or near 
7.ero, the epieHilon of (ho propc'r amount of water to bc‘. UH(*d in both 
tlie mixing and curing of eoncrete bc'conu's very important. The* 
importance of tltis may be grasped when at times the tlu'rmomete'r 
in the extreme western part of this coimtry will registt'r abovt' 100*' 
F. for ten montliH in the year, and that for sevt'ral liiotiths of the 
year it riinges daily from 105® F. to 110® F., with periods of high 
tf‘mperatur«'H reaching to 120® V. in the shade. This is in tin* land 
of almost perpetual sunshine, where dews and rains are nil in so far 
as thc*y may l)e regaixlod as having any beneficial ('ffect upon the 
setting of esmerete. 

Boiling Tests of Cement.--4hider conditions of exti't'nu^ luml as 
mentioned above, all cement B'sts slandd Ix' made by using boiling 
watc‘r in the mixture, and all cement tlms handled, which meets the 
rtfcjuirements given in Art. 4, will probably l)e satisfactory. 
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Wetting Aggregate. —If the weather is extremely warm or in the 
arid sections of the country, the broken stone or gravel, and the sand 
are liable to become heated to a high temperature. Then, in mixing 
the materials, the water necessary for the crystallization of the cement 
is rapidly absorbed by the stone and the sand, or else rapidly evapo¬ 
rated by contact with them. Again, the extreme heat will hasten 
the setting of the cement. This has been known to occur in the 
mixer causing concrete to cake and stick to the mixer to such an extent 
as to interfere with its proper working, producing lumpy and inferior 
concrete. In order to overcome such difficulties, the stone should be 
thoroughly wetted with a hose, and the sand and stone should be kept 
under cover, away from the direct rays of the sun. (See page 164.) 

Housing the Mixer Platform or Machine. —The mixing platform or 
machine should be roofed over when mixing is done at high tem¬ 
peratures. 

Consistency of Mixture. —The concrete should be of a slushy or 
sloppy mixture. Unless this is done, certain cements will, in hot 
climates, take the initial set before the concrete can be mixed and 
placed in the forms; it will set within one minute of time. All 
moderately or semi-dry mixtures have to be tabooed. For methods of 
mixing concrete, see Art. 15. (See also page 194.) 

Keeping Concrete Moist (Curing the Work). —The author is of 
the opinion that too little attention is given to the proper curing of 
cement work. This is doubtless due to the fact that the idea is preva¬ 
lent that concrete continues to harden and increase in strength as it 
ages, omitting the important proviso that a condition of dampness 
or moisture must be continually present and permeate the entire con¬ 
crete mass to render the first statement true. If conditions of sun 
and atmosphere or other causes withdraw the moisture, and the con¬ 
crete mass or any part of it becomes thoroughly dried or practically 
so, the increase in strength of just so much of it is at that time 
permanently arrested and no further application or condition of 
moisture, no matter of what duration or amount, is of any avail. 
This extraction of moisture is rapid in an arid country and a cement 
finish in the evening is found to be on the point of turning white 
at 7 a. m. the following morning, and to be crying for water. 

Under the above conditions an uncovered piece of work will need 
to be water-soaked four times daily. The practice in sidewalk con¬ 
struction (see Art. 51) is to cover the work lightly with moist earth 
as soon after it is laid as possible, and follow by thoroughly sprinkling 
the same later in the day and giving the walk a good water-soaking 
and a heavy covering of wet earth the following morning, keeping 
the earth next to the walk wet for at least a week after laying, sub¬ 
sequent to which time it is allowed to dry out slowly. In this con¬ 
nection see page 491. 

In other words, when concreting is carried on during hot weather 
or at high temperatures, the freshly laid concrete work must be 
kept moist; otherwise, there is great danger of the concrete drying 
out before the cement has set. There will be no strength to such 
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(MHUMvto. In ollun* words, th(‘ (H)n(n*(‘t(‘ niiisi b(‘ sprinkUul lilxM'ulIy 
to make up lor tin* loss oT watrr by (‘vaporation, as ronoreie (‘annot 
piin its full strcMi^’th without wntor. (See Art. 29.) 


Art. 33. Concreting in Freezing Weather 

GENEEAL EEQUIEEMENTS 

Engineer's Permission. In eas(‘ il bcu'onuss neeessary to do work 
in the winter months, no eonende should be mixed nor placed, nor 
any other op^'^'^^tion ptu-forined, likely to be interfered with by cold 
durinir any of the months of December, tianuary, February and 
Man'll and thereafter until the frost is out of the |Li:round, unless 
permission be obtaimul from tlu^ en,i»:ineer in charge of the work. 
If, however, the en|»ineer is of the opinion that any operatiim can 
be satisfactorily performed during the above juonths, he may give 
the contractor a special written pcwmit, defining the work ami the 
conditions under which such work may be done, and sucli condi¬ 
tions inust be faithfully fcdlowed. The* inspector, of course, will be 
goveumed by tlie engine(*r^H decision in the matter. As a matter of 
fact, liovvever, satisfactory I’csults can be obtained in all elasses of 
conerete work whtm proptT prc'cautions are oliscu’vod, and prejudice 
against concreting in frt'czing weathc*r is gradually disappearing. 

Suspension of Work.— T engineer' may, however, prohibit the 
laying of concrete at any time when, in his judgment, the conditions 
are unHuitahle or the proper prea'.autions are not being taken, what- 
t'ver the weather may b«s in any season. The practice of mixing, 
placing and protecting concrete in freezing weather in the same 
miuint'r as in warm, is most c{‘rtainly to he comhmmed. 

Starting Work after Prolonged Freezing Weather.—After pro¬ 
longed freezing wc*ather tlu' work should not h(' taken up again 
with tltc warmer weather until tlu' approval of the engineer has 
been obtiiinetl. 


PEECAtTTIONB TO BE OBSBEVBD 

Sperial premutiom must be taken in placing concrete in cold or 
freezitig weiiiber. Doncretc in the cold and damp autumn and winter 
months sets raueli more slowly tlmn during tlie summer. Below a 
feinperatnre of 50*^ F. eonerete sets slowly, and below 40^" F. is very 
iiitiefive. At 32“ F. conerete freezes liefore setting. The fr<*ezing 
retards tlie setting of the concrete and ofttui ruins it. (kmcrete 
workt however, can be carric<l on during freezing weather if the 
following precautions are taken: It is preferable to stop concreting 
at 20® h\f altliougli reinforced concrete buildings liav(^ benm con¬ 
structed when the outdoor tampcriiture ranged bc'tween 0“ and 20“ F. 
In a few exceptional cases tlie weather was from 5® to 10“ below zero. 

Oonctit® Matsriidi.—When it is necc'ssary to make eonerete in 
freezing weather, only Portland cement should be used. Avoid very 
alow-setting cement for sucdi work. Natural eemenis should not be 
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us(‘<K as thay will no! sOuuI I'vvvy.ln^^. In ninni naiural rt*mi*nts 

mv s(*i*i(Hisly injurtHl by frost, as|HH*inlly l»\ iillri'iialt* fris*/,iii'4 ainl 
thawing. 

Avoid usin.y; sand and ijrravol t*onluiniiii4 Inain to* rlny, i»f uliirli 
(‘ven 2 |H‘r (H‘nt will » 4 rt*utly rolard tho sottiiii*, of iiii\ mtifiit uilh 
whicli it may Ih» inixcsL PrtHaiutioim must bf taktm to iniuti llif nso 
(d‘ matt'rials coniaitiinix fr(»st or csnorrd with rry**!ids durifiir 

rr(H*ziniir w(‘atluu\ T!io ins|H*<dor slitndd nil iiiiifortiilH raro- 

fully, and if limy niv frosty or frc»/.tui lit* Hlnndtl iitstst tlio 

niat(*rialH hrin*^ Itoatod, (Son |»a^o dAI.) 

Careful Inspection Needed.-^lbirtiniliir rfire slitiiild bo by 
the inH|M*c'tor to hoo that the forms itre |irti|M*rly bninsl, that bottonw 
<d’ hc»iun and eolumn ftirms are el**itn before fiotiriiiif roiirii'li*; lliitt 
the steel is aeeuriitely plaeetl, eiitierefe tlioriiiii^lily iiiixeil, and the 
workmansldp in irt‘nerid the best {Hissible. Kfireiitl \i14ilj111ee is 
najuired t)f the inspeettir dtirinir eobl went her, tis tturkiiieii iire ii|tt 
to beeome earc*leHH duririif eold weiitlit*r. Wtiikiiieii lime 11 teiidiiiey 
to shirk their duty, espeeiidly wlieii It i‘X|Hi.Hrs lltnii in I be enld, 

Cleaning Forms. “'--Trouble is likely fti be et|»rrieiiei*ii fimii ibe 

(mideuey cd’ fi’(»Ht to make the etmerefi* iiilln^re Iti I lie biriiiH, llniliiiif 

wiifc»r luay be used with irnod results in tbinviiuf tld*t tnii Siiow iiiid 

tee may also be retiifiveil from forms by sfeiitii I’riiiii 11 la we nsiiiierteii 

to I lie steam boiler on tbe Jtib; In tills way iiiiy |iiirlirlep« of ir«* me 
melted and Ihe eliill taken off tlie ftiriiis. 

Warning Steel Forms.— tkniereie niioiibl iiiti'er be idareii iii Mteel 
forms until th<*y are wamieil, if tlie leiitfieriif tire is lielmv F. 
This is done bt*st with steam, followed by lint 

Methods of FreTtntlag Injury to Ooncrtli. Tlie iireriiuiiiuw birii 
will aHHiHt in preventing injury t» eoiierele diiriiig frer.^iiti4 m**ittlirr 
are an folbiws: 

(1) I.owerinir tin* freezing point of the iiikiiig water, i, ftdiiiiig 
less than 10 |H*r eent of wilt. fHee page dfil.| 

(2) llt*ating the siiiid, broken or scrii%*el, iiini iiiitiiiif miifer. 

(Kee page 354.) 

(3) Covering tbe newly-liitd riiiierete wdlli pome 

rrifiteriiil whieli will retiiin tlie bent, i. e„ eiiiiviw, sfriiw, rfe. iHi»e 
page 300.) 

(•1) Fneloainir or liruwitig tlie work ittnliir fHee 

page 302.) 

(5) Artifleial lieitting of tlm eitelomal ifiiiee. 

One or more of tbe aliove iiietlifuls be 1*111 plfii^nl to f»rrvetit 

eontu'ete from freezing. Tlie piirtieiilnr niellioil or furlIn be 
tweil will depend Itirpdy upon tbe eliiiriirter of tlie ; large, piiiin 
maHK work, sueh iw retiilniiig wnlls uml iibuliiiffiii^, not iei|iiiriiig flw 
sfurif^ care and proteetani m tliiii enliirtiiiM, Iipiiiiw sbilet. 

In addition to the preeaiit ions stiiteil iilwive, Ifie eniitriirtur i-difuild 
be recfulred to take »w*li oilier preeiiiitioii iis iiifiv lie fiiiiiid lu^rewiiiy 
to secure firit-clitss work III every rrppeet, itieliuliiin I In* rliiintrler of 
the finish of all exposed fares. 
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USE OF CHEMICAI^S 

Loworiii^^ ilu‘ point of t.ho (Hnuo’t'to is the simplest ami 

eheapestj hut {)rol)ahly not llie Ix^st method of eone.rcdin^' in lVe(‘ziiiiL»* 
weather. This uudhod is only ell’cadave J‘or temi>eratures but little 
below fr(H‘zin^*. 

Adding Siibstances to Mixing Water.— The addition of stnne 
(diemieal to the mixing' water is mor(‘ fnupiently resorted to than 
iK^atin*^ the materials as d(‘seribed Ixdow, pi’ineipally, no doubt, bc‘» 
eause of tlu‘ simjdieity of the process. Only those substanees that 
have no etTeet on the stnm.a'th and durability of th(‘ eonerete should 
1)6 uh(hI to nxluee its fre(‘zing point. Where such materials as 
glycerine, alcohol and sugar nr(‘ proposed (‘or the purposes of lowering 
the frec‘zinu: point of wat(‘r, tlu‘y should be used with caution, owing 
to a temhmey to lower the stixmgth of the concrete. If any otluu* 
Hubstancx^ tlian sodium chlori(l<» (common salt) or calcium chloride 
is propoH<*d for tin* purposes tlx* approval of the engineer should be 
obtaimxl btdore its uh(‘ is permiit<‘d. 

Salt in Mixing Water. Salt dissolved in the water used in mixing 
the coticrett' ludps to pn‘V(mt fre(‘zing by lowering tln‘ freezing point, 
and is tlx* ingrcHlient most cornmotdy used, tlu^ addition of which 
lowcu’H tlx' fnx'ziiig point about P’ K. for each per cent addcxl. When 
salt is addcxl to piunamt rr<*t‘zing, tlx* anx)unt should not (‘xc(‘ed ten 
(10) pc‘r ctmi of tlx» wtdglit of the water. Soirn* authoritic‘s place 
the safe pt»re(»ntage at a considtu’ably higlxn* (igure. A 5 per cent 
solution of cotnmon salt is cjuite ofteti us(xl and is not (Udrimental 
to the strcmgtb of the concr(d(^ wlx*r(‘ so uh(mI. Kvem a 10 pen* (xmt 
solution of salt will only nxlucc* the fr(*c‘zing point a small amount, 
so it is of limited value. 

llx‘ rule for using salt is as follows: Fret^zing point is 32® F. 
C^)tx*ret<‘ requires at Imisl threat hours to sed,, so a gU(‘Ks must bc‘ mad(‘ 
as to the number of di'gnx's tlx‘ temp(‘ratur(‘ will fall below fr(H‘zing 
befort* the scdtlng is eomphde. Subtract this tcnnperatiin^ from 32 
and the result is tlx* p(‘re<mtagc* of salt to use. 3Miis is tlx* p(*rcentage 
of salt to water l)y W(*iglit as stated above*. For example, it is assumed 
that the tt*fnpc*raiure will fall to 20® F. b(*fore tlx* eoix'rete can set. 
Subtracting 20 from 32 gives 0 per ec*nt of salt to (‘aeh 100 lbs. of 
water in tlx* concrete. (Ine Amc*riean gallon of water weighs 

8.33 lbs. luxl one British gallon weighs 10 lbs. Multiply the number 
of gallons of wiitc*r by tlx* weight per galhu) and g(‘t th(\ total weight 
of the wiitt»r; tlx‘n 0 p<*r cent of this will be the weight of salt to use. 
An approximate mb* may lx* stated as follows: Add one (1) lb. of 
salt to every eighteen (IH) gallons of watt*r when the lh(‘rmom<‘ter 
is at 32''* F., ami one* (1) additional ounce* of salt for every further 
de*gre*6 bedow 32. 

Salt m Homefime*H added in sufllcient epumtity to ^^float an e‘gg'^ 
or to ^Afloat a potato.” Snedi eledenninations are* untrustworthy—it 
takes alxeut If) per c<*nt of salt to the weiglit of the water to ^Mloat a 
pedato” and aljejut 11 per cent to ”l!e>ai an c‘gg.” The salt addition 
ahould lx* elctermineel by actual weight and ix)t giu*sse‘d at. Nee more 
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than 10 per rent should be permitted und(*r any eireunistanees, and 

this amount will not be eonsideretl etTtH*tive for temperature lower 

than 22" K. 

Salt has the efTeet of sli^ditly rculueiim: the early sirenudh of 

eernent, but does not alYeet tlie ultimate stren^tii when used in 

proper ([uantiiies. Sait also dedays thi‘ H<dting’ of eemimt* but there 
is no m(‘<dianieal net ion frorn fre(‘7ing, and the reHuIfs of its us(‘ are 
usually sat is factory. 

The only objection to salt is that it is liable to cause a white, 
powd('ry deposit on the surface, which, heuvever, is likely mion to be 
waslual ofT or blown away. Where the appearance of the surface is 
an important factor, salt should ntd be uhihI, ns there is danger of 
cfTlonwtmce, which may disfigure the work. Dissolving the salt in 
tlm water rather than mixing it witli tlie cement lessens the possi¬ 
bility of efiiorescence. (See Art. 31.) 

If salt is addf'd to tlie wnteux great care slionld be taken to see 
that it is tliorougbly dissolved and that the solution is not ovenloHetl, 
which is very likely to be the ease. If the efTeet is not had on the 
strength of the concrete, it is cm tlie looks of it. Tchi much salt, or 
salt in hunpa, will eventually work its wny to tlic surface, tlum 
Hhowinic in blis(c>rH and unsightly stains. Salt sliould tmi bt» added 
in lumps dinudly to the mixing water, but in tlie form of !»rine, wlitcli 
may be prcparcsl as follows: Make a barrel of witiiriit«*il of 

salt, in which a layer of free salt is kept showing in the biitt*»iii; put 
one-tenth cd' the cemtents of this biirrel, dipped from the liotbuii, into 
eacli barrel of fre^sh water used for mixing. It u iiMidess to provide 
easily brokem saloineters whicli the foreman will not imi*, ns fids 
simple plan more readily provides a 10 per cent solution, wdiicdi will 
retard freezing, an stated ab<»ve, and which wdl! not injure Dor!hind 
ccmient concrete; and whieli, in some cases, will evtm increase its 
strcmgtli. Hven wbc*n naif m iweci it is iiii|M»rtiiiit tliiit the iiggrcgiites 
bt^ fn*e from lumps of fror.en inateriid, m It w itii|K>«stlite to profauiy 
mix such materials. Many New England eontriietora two |w«itnk 
of Halt to each bag of cement. 

Bometimes salt is used when the mtiterifik iind m*titer tire liesiteci; 
but since salt retiirds the hardening of cciiicrete and lowers tii iiiltiii! 
strength, while the lienting of the itiiilerialii iintl the tiiixing wiiter 
acc»elcu*ates that hardening iind eniilden the concrete to giilit strength 
more rapidly, It in evident that iiineli better results w'titild iititaiiieii 
if the salt were eliminated and more afteiition given to lieiititig llie 
materials and pwtecting the concrete after It m |ilaeed. 

Balt Hhould be used only In plain concrete work, Iti effect on 
reinforcing metal Inis not been estiiblislieth If h cliilwieil liy ioiin* 
experimmiters tliat salt will corrwle steel liari ttnbetlded in concrete. 
(B<*e page 333.) 

Where thcri^ is a possibility of electrolytic iicfioti in concrete con¬ 
struction the use of salt t« to lie discoiirtigeth m cotierete contiiiniiig 
salt would he more simceptible to sitcli act ion tlntn conerele free 
from sidh 

Concrctf^ to wltich salt hai been iiclded dries out more ilowly and 
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hence rc‘lains its dark color lon^’cr than (hat coniainiiij^' no sail; but 
both are likt'ly linally to have the same color. 

Calcium Chloride in Mixing Water.--(kilcium chloride (chloride 
oT lime) is the bt*st mattu’ial known to [>r(‘venl concrete frotn rreezing 
befoiH* il s(ds. Experiments indicate that calcium ('hloride added in 
(juanli(i<*s md (‘XiaH'dini*’ two (2) per cent of the weii»*ht of the cement 
is an (*nVc(ive a?j''i‘nl for lowering the iVc^ezing point of tlu‘ concrete. 
It is adso a well-known fact that additions oT calcium chlori<le will 
often nmder unsound ctummt sound. Mr. Hichard K. Meade added 
2 p(U‘ ceni calcium chlorith' to several samples of unsound cement, 
ami in each cast^ the resulting mixture passed the steam and boiling 
tests pm* I Vet ly.^ 

Calcium chloride may be uh(hI in concrete blocks which are made 
in the wint<‘r tim(\ adding to tht‘ir stiHUiglh and imp(‘rmeability, 
without causing discoloration of, or elllorescencc* on, the blocks. (See 
Art. bo, page* b20.) 

(hilcium cblcu’ich* lum an advantage ov(*r common salt in that it 
reduces tin* frcc'zing io a lower point, ('blorich* ot‘ barium in small 
quant it i<*s has tin* same (‘llVct as chloride of calcium in hastening 
thc^ wdting of c(*m<mt. 

(’alcium chloride* should not be addeal in (luaniities exceeding two 
(2) iH*r cent of tin* weight of tin* cetnemt when used as an agent 
for lowering the frc*ezing point of the c(mcr<*ie. This is subslaniially 
a 15 to 20 pcT emit sohitioin tin* tV(*(*zing point of* which is from 
14'* t<i 2‘* F. In otlau* words, dissolve in tlu* water maaled to 
propm*ly mix the concrete 2 Ihs. of calcium chloride* for each bag 
of cemc'iit used. To (Ic*terniine tiie amount of calcium chloride* per 
barrel or tnnkfnl of water, the (|uantity of water uH(*el per bag of 
cerru*nt must hc^ cairefully note‘el, and from tliis the amount can be 
readily tigur<*d. The use* of chloritle* of calcium in emnere^te should 
be by s|H*ciiil nrrnnge‘tru*nt and under the special snpe'rvision eif the 
engineer. If a larger cjuantity than stated above is used, it is likely 
80 to liasten the set m to make the conerele difllcult to handle. As a 
general rule, 1 lb. pf»r bag of cemt'ut seems to be Hunicit*nt for most 
|)urpoi4e«. 

Corrosion of Steel Eods in Eelnforced Concrete.— Tt‘BtH w(‘re made 
during IflOHdl by 11. Knowles and (Hfton F. Mayfield, l*bilad(‘lpbia, 
to determine the relative elTects of various pereetitagt‘H of sodium c.hlo- 
ride and calcium chloride on reinforced steel embedded in concrete.t 

From a nfudy of the olwf*rvatiouH and tabulated weights of the 
reinforcing burs* Messrs, Knowles and Mayfield reached the following 
concdusiotiH: 

(1) The presence of sodium chloride or calcium chloride in tbo 
aggregfite eituses u corn»«iv<» action on metal, 

(2) This action Is greatesl on the und(*r side of the bar. 

(11) Tins actifiii is greater in cameu’ete of dry consistency than in 
one of II wet cimsistcncy. 

(4) Till' denser flu* aggregate is proportioned, the leas the action. 

* Rnuinrerinn JUnmrtit A|»rll 20, 1007, UftfCc 502. 

t hnilinm iuii Arir«, Feb. H, tIH'i, VhiL 07, 25H, 
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(5) The corrosion increases with an increase of percentage of the 
salt in the aggregate. 

(6) The action caused by calcium chloride is greater than that 
caused by common salt. 

Experiments should be carried further to ascertain whether the 
action noted above would continue until the effective strength of the 
steel would be dangerously impaired. 

The author would suggest that concrete reinforced with^ steel 
should not be protected from freezing by the use of salt,^ owing to 
the results of the above experiments. It is a well-established fact 
that salt and air corrode steel quickly, and conei'cte placed in the 
winter is liable to be somewhat porous and get in, and if there be 
any steel embedded therein, corrosion will follow. 

HEATING THE MATERIALS 

The best method of concreting in freezing weather is to heat the 
materials and to protect the work until it has obtained sunicient 
strength to withstand the action of frost. Either the water, the sand 
and water, or the sand, broken stone or gravel and water should be 
heated. The cement is usually not heated. The simple precaution 
of waking up the cement by the use of warm water in the mix causes 
it to deport itself more nearly as it does in the summer season. 
Heating the materials accelerates the rate of hardening and lengthens 
the time before the mixture becomes cold enough to freeze. At 
temperatures not greatly below freezing, the combined effects are 
sufficient to insure the setting of the concrete before it can be 
damaged by frost. In other words, the effect of the heat is to make 
the concrete set more quickly, so that it sets thoroughly before it 
cools down to the freezing point. 

The necessity of heating the aggregates is obvious, since when 
boiling water is thrown into the mixer it has such speed of operation 
that not enough time elapses to thaw frozen masses and get thorn 
properly distributed before the mixing process is complete. 

Heavy Mass Work. —For heavy mass work, thick walls, abut¬ 
ments, etc., it is not necessary to heat the broken stone or gravel, 
except in unusually cold weather; but sand and water should be 
heated. If the concrete goes into place unchilled it will harden 
rapidly, as mass work retains its heat for a long time, and addi¬ 
tional heat is generated during the process of handling. 

Reinforced Concrete Work. —^For reinforced concrete work it is 
necessary to heat all the materials but the cement, and the concrete 
should be hot when placed in the forms. The reinforcing steel should 
also be heated to the same degree as the concrete, or a steam hose 
and jet used to take all frost out of the steel bars before pouring the 
concrete. Where it is possible to obtain sand and broken stone or 
gravel that is dry and free from frost, these materials will not be 
required to be heated, but if not they must be heated. The cement 
is not heated, as its setting is hastened to too great an extent. 

Amount of Heat Required.— There are no test data that show how 
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long it takes a concrete mixture at a certain temperature to lose its 
heat and become cold enough to freeze at any specified temperature 
of the surrounding air, and a theoretical calculation of this period 
is so beset with difficulties as to be impracticable. The amount of 
heat required depends upon the temperature of the air and the 
rapidity with which the work can be done after heating stops. 

The water should be warmed, but not boiled, for too much heat 
will hurt the cement. The sand and other aggregates should be 
heated, but not enough to blister the skin of the hand. If the con¬ 
crete should be deposited in mass while warm, it will retain the heat 
for several hours, giving the cement time to take its initial and final 
set. In each period there is little danger of injury from freezing. 

Some specifications require that all sand, broken stone, gravel and 
water used in mixing the concrete in freezing weather shall be heated 
to a temperature of not less than 150° F. and the concrete placed 
while yet steaming. There is some danger in killing the cement with 
such boiling hot water. The temperature of the water should not 
exceed 130° F. at the most, and should preferably be 120° F. Ordi¬ 
narily the heat cannot be so great as to injure the material itself, but 
it may kill the cement by hastening its set to such an extent as to 
cause trouble, or to so dry out the broken stone that it will absorb 
enough water to rob the cement of necessary moisture in dry mixtures. 
In other words, the broken stone must not be overheated, but must be 
moist enough not to dry out the mortar when mixed with it. In 
heating the materials, too high a temperature will cause sand to 
turn red, while stone and gravel are apt to soften or crack. The 
sand should be warmed the same amount as the broken stone or 
gravel. 

Use of Boiling Water. —As stated above, the concreting may be 
carried on in freezing weather by using boiling water for mixing 
(tests should, however, be made to determine whether the hot water 
does not injure that particular brand of cement in regard to strength), 
and by jiouring boiling water on the forms, and especially the re¬ 
inforcement, so that not a particle of ice or snow remains. No con¬ 
creting in cool weather should be commenced unless all prepa¬ 
rations for boiling water are made. It is a mistaken notion that 
hot water freezes more quickly than cold water. When considered 
necessary, in addition to using hot water, a pint of salt per bag of 
cement may be added to the mixture. The use of hot water cannot 
always be depended upon to thaw out frozen, lumpy sand or stone 
when mixing concrete. All hard lumps should be thrown out before 
they reach the mixer. 

Methods to Be Adopted for Heating Materials. —The materials 
can be healed in various ways. The method to be adopted for 
heating the materials will depend largely upon the eharaeier of the 
work and the arrangement of the mixing plant. Elaborate and 
expensive plants for heating materials have been constructed and 
successfully used on important work. Flowever, extremely crude 
methods may be used successfully where the importance of the work 
doesn^t warrant any considerable outlay for apparatus. 
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Ordinary Heating of Aggregates. —A small stove built roughly 
of sheet iron will serve for a very small job of concreting. Two 
lengths of stovepipe, laid flat, with a fire built so that the gases go 
through the sand and gravel placed in a pile over the pipe, is often 
sufficient when mixing is done by hand for a small job. 

For larger jobs, lengths of old steel or metal culvert pipes closed 
at one end and provided with a short piece of smaller pipe for a flue 
may be used, covering them with the sand and stone. Fires are built 
at one end and pushed through as new material is added. Some¬ 
times, long half-cylinders of sheet steel set directly on the ground 
in the form of an arch are used, coarse screens being placed over 
them. A stovepipe in the farther end will insure a draught. The 
sand and stone are shoveled over the screens, and lumps thus broken, 
the materials falling down to the hot half-cylinders and keeping warm 
until used. Sand and broken stone or gravel may also be heated by 
means of an ordinary sand heater such as is used for heating gravel 
used in street paving work. 

For weather not too severe and the amount of aggregate to be used 
not too large, say, 50 cu. yds. per day, the materials may be heatcul 
by building rvood fires near the supply piles; tliat is, both sand and 
broken stone or gravel. If a fire be kept burning over night on top 
of the piles of sand and stone, a considerable quantity can be heated. 
The fire can be kept going during the day and moved back on the pile 
as the heated material is used. This metliod of heating aggregates 
requires a quantity of fuel which in most eases is prohibitive and is 
not sufficient to supply a power mixer. 

Steam Coils.—Aggregates may be heated by means of a si earn 
coil placed near the ears that are being unloaded, by simply throwing 
the material on the steam coil and allowing the sand and broken 
stone or gravel to remain a sufficient length of time to absorb the 
necessary amount of heat. The best results wmald be obtained if the 
pipes were drilled with small holes every two or three feet, so that 
small jets of steam would be circulated through the materials. 

In many eases material which has already been unloaded must be 
heated. The expense of putting steam pipes under it is considerable. 
To avoid this, one or more steam jets may be used, the end of the 
jet pipe being pushed several feet into the pile of material. In addi¬ 
tion, the material may be covered with tarpaulins. If the jets are 
connected up with steam hose they are easily moved from place to 
place. With a good steam pressure this system is quite effective. 
It will be found difficult, however, to heat stone by means of a steam 
jet placed in the manner just described, except in moderate weather, 
owing to the fact that broken stone requires much more heat than 
sand or sand and gravel mixed, because of the greater volume of air 
spaces. If the material so steamed is not used at once it will give 
more water, therefore more ice to contend with in the material pile. 

The .use of steam, however, has this advantage over the use of 
sand heaters described above, in that where the latter are used there is 
danger that the hot fire necessary to thaw out the material at the 
top of the pile will damage some of the material next to the heater. 
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Steam Boxes.— A very eonvenieiii method of heaiini>;’ laro-e (|iiau- 
tiiies of ii^’^^’reji^’ate is to build a lon^ wooden box, say, 8 to 10 in, 
S(iuare» with nunuu’ous hoh‘s bored in its sides. This box is then 
placed on the i^round, eonneeted with a steam pipe, and covered with 
sand, broken stone or i^’ravel. The steam tlius escaping’ thr()ii»>ii the 
iioles in box will ‘^'’emu’ally heat over nii^lit, a pile of sand or sand 
and gravel mixed, 8 or 10 ft. hi^di. Perrorated pipes as mentioned 
abovi‘ can be siibstitut(‘d for boxes, thougii usually more exi)ensive. 
Material can always be heated more rapidly if the steam be allowed 
to escape in tlie pile than if it is eontined in pipes which are not 
perforated. 

Salamanders."— -Another mtdliod of heating tlio sand, broken stone 
and gravel is by ukuuih of a large salamander. This may be accom¬ 
plished by providing a double hopper bottom of sheet metal to a 
supply ht»pper of suOicient capacity to store at least a day’s run. 
The heat from the salanuuuhu’ is thus led into the ai'* .space directly 
utuUu* the aggregate's, and the necessary draft is su])plied by chimn(\ys 
passing through the aggregates. This method will generally be found 
v(*ry f*lTt‘ctiv(* in extremely cold weatlu'r. It will fr(‘(jiu‘ntly be found 
more economical to build heaters of brick laid up dry, with large end 
than to buy salamanders. 

Heating the Water.- Fc»r lumting watt'r, the common practice of 
relying upon a steam pipe placed in an ordinary barrel should not be 
peruiittcul, as the wat<‘r is gcmerally used too fast to permit of its 
being properly heated by this tnethod. A suitable tank should be 
provided and the water heat(‘d by means of a coil supplied with 
steam from the boiler supplying the mixer engine, or when this is 
inadcHfuate one should be ereettnl for this purpose. The size of the 
tank will be governed l)y the time required for heating it. (dose 
inspeetion will l>e iu*eessary to insure that the water is not used more 
rapidly than it is heated. 

Tile most practical water heater for concrete mixed by band and 
in Kmall tpiantiticH is an iron kettle with a roughly built up brick 
or concrete block setting. The water may be heated by setting two 
barrels ii few feet apart and connecting them by a straight pipe near 
the top. Near the bottom anotlau* connecting pipe is fornuHl into a 
coil, uruler wliich a fire is built. Both barrels are tilled with water, 
and a circulation soon begins wlum the (ire is built, so that all the 
water is warmed. Water for mixing concrete may also be heated by 
pasHing through pipes coiled in a salamander. 

MIXIHO AHB PLACINa OF OONOKETE 

The practice t>f mixing and placing concrete in frcM'zing w(*ather 
in the same manner as in warm is to be condcunned. It is absolut.ely 
imperative to mix and place concrete in such a manner as to insure 
pro|Mu* burdening during the first few days. Frec'zing will not damage 
concrete that has liad a chance to harden under favorable conditions, 
but alternate freezing and thawing is very apt to damage green 
eoncjeie. 
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Frozen Aggregates. —Care must be taken to screen out all frozen 
lumps from the sand and stone and remove all ice and snow crysiaLs. 
The use of frozen, lumpy sand or stone, depending on hot water used 
in mixing to thaw it out, should not be permitted. The use of hot 
mixing water cannot be depended upon always to thaw such lumps, 
and they may form a considerable pocket of uncemeiited material 
in the finished work. In a small column this might be disastrous. 
All hard lumps must be thrown out. 

Housing and Heating the Mixer.—The mixer should be enclosed 
in a frame housing, covered with tar paper. The mixer should also 
be kept warm by means of steam coils outside and jets inside. The 
exhaust steam from the mixer engine may be turned into the drum 
of the mixer. This is accomplished by conducting the exhaust pipe 
to a point in front of the discharging opening of the drum, so that 
the drum when tilted for discharging will just clear the end of the 
pipe. The force of the exhaust will then carry the steam into the 
revolving drum, where complete mixture with the dropping ]n\riicles 
of concrete utilizes practically all the heat remaining in the steam. 
Canvas flaps should be hung over the feed and discharge holes in the 
mixing drum so that escaping steam will not interfere with the 
workmen. 

Mixing Concrete. —^Use a little more cement than in warm weather. 
If the aggregate is porous it should be well soaked in water before 
coming in contact with the cement; otherwise it will absorb the 
water necessary for mixing and for developing the full activity and 
strength of the cement. Boiling hot water should never be brought 
in direct contact with the cement, but first mingled with tlie aggre¬ 
gate, which will sufficiently distribute the heat and lower the average 
temperature to a safe working degree. 

In general, less water should be used for mixing in cold than in 
warm weather, as the less water used, the quicker will be the setting 
and maturing. Since the injury due to frost is caused by the expan¬ 
sion of the water used in gauging, concrete mixed wet will suffer most. 
Concrete, therefore, should not be mixed too wet for use in low 
temperatures. On the other hand, do not use what is known as the 
^Mry mix’’ in freezing weather. The concrete must be pasty and 
sticky, so it will not run freely from the wheelbarrows or carts. 
(See Art. 15.) 

Do not use salt water for mixing concrete if it is desired to show 
no efflorescence. (See page 342.) 

Handling Concrete. —^Placing of concrete in freezing weather 
should be carried on continuously to insure a perfect monolithic 
mass. The greatest care must be exercised in using reinforced con¬ 
crete during winter months. Tlie concrete should be placed in the 
work at a temperature of at least 60° F., regardless of the tempera¬ 
ture of the surrounding atmosphere. See that each batch of concrete 
is placed in the work immediately after mixing. Warm concrete 
sets up so quickly that occasionally when there is a tie-up for a few 
minutes in the wheelbarrow line it is not uncommon to find the 
concrete partly set when a man tries to dump a wheelbarrow load. 
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Ji’ the e()U(‘roU‘ obtains its initial si‘i inside oT 30 iniiiidt'S, add a 
little eold \viit(‘r while* mixing', to reduee the temperature*. 

On the other hanel, it may be tunnel ne*ec‘ssary te) take^ additional 
pre‘eautie)ns te) make ee'r’tain that the eeuiere^te will jL»’e) into the* work 
unehilleeh iJiste*ad e)t beinjL? tea) warm. One* ('e)nt raetor, whe) was 
obli|^’e*el te) eemve'y the* eamere'te a eeaisielerablo elistanee* 1‘rom the 
mixer to plaee, use*{l a novt*l ni(dlie)el e)r pre*ve*ntin^‘ the* eemei’ete rre)m 
beeondnf?: ehilled on the way. A euptul ot g’asoline was poui-eel inte) 
eae.h e*mpty ee)n(*re*te‘ ear on its return te) the n)ixe*r ami li.a’hleel. The 
Hudelen he*at * 4 t‘ne*rateel was sullleient to he*at the metal ear so tiiat 
the I'resh bat eh of eonerete was not ehilU'd. 

The) ehuting’ of eemerete in winter should not be permitteel. (See 
Art 35, pa| 4 :e 300.) 

Minimum Temperature for Concreting. -In fivezin^* weather, eon- 
er(»ting should be* stopped at the* tenip<*rature i-e<jinrc*el by the* speud- 
fleatienis or as may be re*<juircai l)y the* e*n^nnee‘r. In geu<‘ral, no 
eoneretc) shouhl l)t* madt* e»r placed wht'n the* we*alh(‘r is, oi’ is pr(*dieted 
te) be by the* rnitc‘d Stales \Ve*athe*r Ihu‘e*au within 12 he)urs, as le)W 
as 20“ F. The* author is W(*ll awar*e e»r the faet that ee)nereting is 
earrie‘d on when the we*a(her is beleiw zero, but he* dot‘s not re*eom- 
nu'uel sueh prnetie'e. The* inspeador should obtain r(‘i)ortH from the 
\Vt*ather Burtmu to firnl out wlH*th(‘r or not a ee»ld wave is exp(‘ete‘eL 
If sueh a drop in tenipei’atui’e is e'xpe'etc*<l, it is bc‘it(*r to suspend 
work than run the* ehanec*H of a H(‘V(*t'e elrop in the* te*mperaiure‘ just 
afie*)* the eemerete* has ht*c*u depe>site*d. The* foiH'east of the Weather 
Bun*au will yenerally be* fotinel of irreat assistanee* in ele*lt*rminin«r 
\\lu*tlH‘r or not it would be advisable* te) ee)m're‘te. The minimum 
temt)c*ratureH predicted by the Wt*ather Bureau ai’o very aeeurate 
ineleecL 

Concreting TMn Walls.-On thin walls, the time* of ee)!)^!*!!))*;* 
should be* limited to 2H*' F. on a risin.i]r tliermomater, anel 32‘^ F. on a 
falliie^ tlH*nnf)mett»r. 

Facing Concrete Work.—- Ne) eonerete work that is to have* a face 
tlnisli sboulcl be* pineed in fre(*zinir weatlier, imlesH absolute'ly unavoid- 
ii!)Ie, as frcist is very apt te) iitIVet the surfaee, eausini*: (*xfoliation, 
spnllinii:, pitting ami diseoloratlon. 

Diminishing Area of Concreting.— In the winter time the area of 
eonerete* work Kltoubl lie ent dowti hy the use* e)f hulkh(*a<ls, so as to 
dc^erease* the time of exposure of a single layc*r, whieh will re'sull in 
running the work up to a greatc*r hc*ight for a elay^s work. 

Accumulation of Suiqplus Water on Concrete. In no ease* Hhe)uhl 
a surplus eif witte*r be* allowc‘<l to aeemmdate* anel rrc*e*z<* on top of a 
layer of e»e)tiere*te* ami then be eove*)‘e«l up with more* e*ouei‘(*((* be'lore 
thawing out. If fe)o mueli water is us{*d i)i the* eonert*te the* (‘xpansion 
of the wator in fn*t*y,ing may (lisiute*grate the eone*r(*(e* by the 
nu*elmnieiil action e»f Hie lee in forming, eansing a eruml)ling of its 
onti*r surraee*s. 

Bonding New to Old Concrete.— Wlie*re Hu* new eemere*!!* joins 
the old the edge*H Hhoulef he* thoroughly Hte*anu*d. (Se‘<* Art. 27.) 

Bemoval of Defective Work.—Wheuever any eem(*nt work freezes 
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before it has become thoroughly set, the entire mass should be 
removed, since the bond of the concrete which has been frozen will 
not be as hard to the unfrozen layers as if it had not been frozen. 
A slight frost extending only in. into the concrete is not detri¬ 
mental to strength. It is even claimed that concrete can be frozen, 
thawed out, and will then reset. This may be so in some cases, but 
it is always best to remove any concrete in which the freezing has 
extended throughout the mass. The freezing of a layer of concrete 
is apt to prevent a good bond with another placed on top. Layers 
of concrete which have frozen should invariably be removed before 
laying fresh concrete upon them. No sudden removal of frost and 
ice on the surface by using' hot water or steam should be permitted, 
but should be removed by the use of cold water. The use of fires for 
the removal of frozen concrete surfaces should be prohibited. 

Suspension of Work. —The engineer may, when he deems it best, 
stop all concreting when the weather is at or below the freezing 
point. Care should be taken that each day’s work is finished off to 
a horizontal or level line, so that the work may, if necessary, be left 
in the proper shape for an indefinite period. 

PEOTEOTION or CONCRETE 

When once hard, no hydraulic material is less affected by extreme 
cold than Portland cement concrete, but in the early process of set 
and hardening it should be protected from freezing, though some 
cases are cited"^ where solid freezing in this stage showed no damaging 
results. It may be true that concrete is not injured by freezing, 
but the setting is delayed and the thawing causes expansion, so that 
injury may be done before the concrete can set. It is not advisable 
to depend upon frozen concrete resetting. The safest plan is to avoid 
freezing, especially in surface work. Frozen concrete is especially 
dangerous in the construction of reinforced concrete buildings, because 
it very often possesses the apparent solidity and hardness of con¬ 
crete that has properly set, and its defectiveness is only apparent 
on the removal of the forms and the subsequent thawing out of the 
concrete. (See also Art. 29, page 333.) 

Covering Concrete. —Any concrete liable to be exposed to sleet, 
frost or snow before it has attained its permanent set should be 
protected from the cold so that it will not freeze. Concrete in setting 
develops considerable heat and it is only necessary to prevent this 
heat from leaving too rapidly in order that the cement can set before 
the freezing point is reached. Even if the concrete materials arc 
heated (as described above), the heated concrete should invariably 
be protected by suitable covering to insure the concrete setting before 
it has cooled to a freezing temperature. It frequently happens that 
the concrete will be mixed and placed during the daytime, when 
the temperature is 32° F. and then left to set during the night, when 
the temperature will drop from 5 to 15 degrees. Concrete that is 
exposed to such conditions must always be covered before stopping 
at night, even though it is warm during the daytime, as the 


* Engineering News, Feb. 6, 1896, page 92. 
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ni^’hts are vt‘ry olUai below t‘n‘eziu<^ teniperataire. A eoverinj; ol! 
siulieieiit thiekiiess should be used. No eonereliujjc in eool weatlier 
should be permitttnl iiuli%s suitable eoveriiiji,’s in aini)le (juantities ar(‘ 
at tiu' site. 

Conereb^ laid in ('old wtuitluu* in Iar<>;e niasH(\s and bebiw tlu^ i^^round 
cam be pi'otcudtMl froni Frec^ziii^i!: by peianiitinj;* water to rise up ov(‘r 
uiu’bt and then pump it out the r<dlo\vin;>: mbrniui!;*. The hutane(' and 
silt wbi('h ac'euinubite under siudi procedure', of course, should be 
cart'fully cltuined otT. 

There are innunu'rablc coverini 4 ’s for the top surface of concrete 
to pn'vent frt'c'zinir. Boards, canvas, tar paper, sackinii:, (*enieni ba.y^s, 
sawdust, slni.vin|»:s, maiuire, straw and sand are all uscul for the 
purpose. 

Use of Boards and Canvas.— Protection of settinpj concrete may 
be allorded by a laycu* of boards, leaving an air space of several 
inches, and laying canvas over the boards. An air spac'O beneath tlu' 
canvas is valiudde, Tlu^ edg(w of tlie canvas should be brought down 
to eiiclose the air space. Two laycu's of canvas, H('parat(‘d by boards, 
will give very nmltudal prolectitm. If only a single Inyt'r is used 
it should not l)e allowcul to bmeh tlie concrede but should be kept out 
by boards. Do md d(*p('nd solely oil ('anvan spread direetly on the 
surface' as a cen-ering to prcd.ect c'oricrete from freezing. Hay, Bhav- 
ings, or sonici otlier miiteu’ifd in which cpuc^t air may be entrained, 
should prcdVrably be placed on top of tlie canvas, whether boards 
are list'd or not. 

Use of Tar Paper.— “Tar paper should be w('ll lapped and used as 
suggi'sted for canvas. In tt'mperatun's only a f(nv degrees below 
fret'zing it in suflicitmt to nail building paper on thc^ outside of the 
forms. A single thicknt^ss of tarred papt'r, well tackt'd and so put 
on as to prevent a free^ circulation of air, has raised the temperature 
of the air under it 15‘' h\ 

Use of Cement Bags.—Cb'ment bags used for protection should 
be in layers and well lapptnL If this is not done, the concrete will bo 
frozen between cotiHecutlve bags. At two or three spots where the 
bags had not be<»n properly lapped, on a certain job, the concrete was 
frozen to a depth of I in. Idie balance of tlie concretes was tioi 
afTecti'd liy frost, three layers of ecantmt bags being usial to proBud 
the top surface (»f the concrete. 

Use of Sawdust—Sawdust, wlien available, will probably supply 
the best protection, witli little danger of injuring the conerclt*. The 
autlior knows of no lietter material for covering freslily deposiB'd 
concrete in cold weatlier. ^Iiiiiure cornt's ru'xt, and in some rt'spc'cts 
it is better than sawdust. 

Use of Manure,— The nse of manure should not be allowed for 
the covering of concrete, as it causes disintegration, nnb'Hs the con¬ 
crete is well and suHiciently covered so as to be wati'rproof against 
the drainage therefrom. Manure must be used with care for pro¬ 
tecting concrete in cold weather. If stable manure can lu' kept in 
place in sulllcicnt (iuantiticH to keep its fermemtation it is the most 
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efficient material for covering, as it is a lieat generator; but it 
discolors the concrete (this is seldom of import), (See page 491.) 

In no ease should fresh manure be placed over very green con¬ 
crete to protect it from freezing, as it will spoil the surface of the 
concrete. When possible, the concrete should first be covered with 
boards or tar paper and the manure placed upon them. This will 
keep the manure from soiling the concrete and prevent any action ot 
gases generated by the decaying materials. ConsideraLle care should 
be taken, however, to protect the manure from becoming wet during 
rain storms. If possible, it should be covered with tarpaulins, or 
with planks arranged in such a manner as to exclude the water. 
This is a practical and yet a very inexpensive way to protect con¬ 
crete in the open where a low, flat surface is presented. A thick¬ 
ness of 12 in. of manure laid on tar paper or canvas and kept dry 
will protect the work from freezing for days at a temperature as 
low as 10° F. 

When stable bedding or manure is used, the concrete may be 
covered with an inch of sand before the bedding or manure is s})read. 
This sand will then prevent the bedding or manure from coming in 
contact with the cement, and the sand will absorb the acids in the 
manure before they reach the cement. 

It is probable that only green concrete is injured by manure, as it 
has been used widely for stable floors, manure bins, etc., without any 
evidence of failure. 

Use of Straw or Hay. —A covering of straw or hay may be allowed 
on certain conditions. Straw should be used at least 12 in. deep, 
and, in extreme weather, deeper. In conjunction with the tar pai)er 
and canvas, it works very well. 

Protection of Concrete by Artificial Heat.— Concrete may be pro¬ 
tected from freezing by the use of artificial heat. This may be accotn- 
plished by inclosing the entire work under cover and keeping it warm 
by heating the air within the enclosure. This is rather an expensive 
method and is seldom employed except in building construe! ion. 
The inclosing framework is lightly constructed of wood, covered witli 
canvas or other material. 

Forms may also be so constructed as to protect all parts of the 
concrete from injury by frost, radiators or live steam bedug used 
within the forms sufficient to keep the temperature above 35° F. 
during, and for at least two days after, the placing of concrete. 

In reinforced concrete construction during winter it is generally 
necessary to provide some heating system to prevent the work from 
freezing. Steam pipes, stoves or open charcoal fires may be used 
for this purpose. Any method for heating concrete work that does 
not provide moisture as well as heat should not be considered. It is 
absolutely essential that concrete be not forced to take its set quickly. 

Use of Steam Pipes. —Concrete may be protected by covering with 
canvas and running a jet of steam under it. If canvas is not avail¬ 
able, boards and straw, or manure, will answer for the purpose. The 
inspector must see that these pipe lines are well covered with some 
non-conductive material which will retain the heat. If heat is kept 
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on for 36 hours after comiilelion, this is sufficient, except in unusually 
cold weather. If the forms are tight and made of heavy material it 
will only be necessary to protect the top or exposed surface oL‘ the 
work with canvas and apply a jet of steam to the boxed area. 

Reinforced Concrete Buildings. —In building construction the 
reinforced concrete must be kept from freezing and maintained at 
a fairly high lernperature to permit proper hardening. This will 
necessitate enclosing the building in temporary walls of canvas or 
boards and roofing it over. The interior should in all eases be kepi 
heated by using stoves, open charcoal hres, etc., so that the enclosed 
space does not vary in temperature more than a few degrees. Keep 
tlie building at a uniform temperature of about 60° F. This heating 
should be continued for several days, and the concrete should then be 
examined. If found to be in good condition, properly set, and with 
no evidence of having been frosted, the stoves or salamanders may 
be removed, but the covering should be left in place for at least 
another week. 

(hir(‘ must be taken to see that the concrete and the forms are 
not allowed to dry out when salamanders or other artificial heaters 
are used to keep the work warm. There is a danger of the concrete 
baking in the forms, which necessitates constant watching. A moist 
t(unp(‘ratiire is absolutely essential, and to obtain this, either steam 
or water must bo apy)lied to the centering to avoid a dry heat and 
too rapid s(‘tting of the concrete. In other words, moisture is very 
essential to the proper setting of concrete (see Art. 29), and the loss 
due to (‘vaporation from concrete and forms by dry heat must be 
r(‘placed l)y sprinkling or other means. Where steam is not avail- 
abbs the under side of the floor forms should be sprinkled with cold 
wat(ir until they do not feel warm to the hand. 

The ]ux)teciion of floor slabs must be carefully observed. In 
addition to placing salamanders or other artificial heaters under the 
floor being concreted, the slabs should be covered with a layer of 
about 12 in. of straw or hay. In very severe weather, the author 
would suggest that a number of air-holes be provided through the 
slab and an air space h^ft over the slab to give the heated air a 
chance to pass above the floor and distribute itself over the entire 
top surface. The floor should he covered with a layer of boards, 
leaving an air space of at least 4 in.; over the boards lay tar paper 
or canvas, and bring the edges down lo enclose the air space. On top 
of this covering nse hay or straw or manure. Straw is sometimes 
sprinkled with .salt. 

A system of heating by moans of live steam jets has been found 
to be very satisfactory in reinforced concrete building construction, 
and no bad effects were experienced from frost. Steam pipes can be 
run above each floor and under the layer of boards and tar paper 
or canvas, from a boiler employed for the purpose. The same boiler 
may be used to heat the sand, stone and water (see page 357), and 
ihe exhaust steam may be discharged into the rooms and under the 
floor covering to heat them and keep the air moist. This will assist in 
quickly hardening the concrete during cold weather. (Sec page 362.) 
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Surface Finish for Important Structures.—For a spaded or mortar 
finish (see Art. 41), extreme care must be taken to protect the work, 
preferably by eovering* the outside of the forms with a layer of tar 
paper so as to leave an air space between it and the face laggii\e:. 
Tests have shown a difference in temperature of 15° F. between tlie 
air in the air space and the outside atmosphere. Care should be 
taken to tack this paper on securely. Structures in which the sur¬ 
face finish is important must not be permitted to freeze until the 
concrete is well set. Mortar facing which is once frozen is usually 
permanently injured, due no doubt to the expansion which takes place 
during freezing. Blocks of the lagging, say, 4x12 in., at different 
points of the most exposed sides of the work, may be cut out, in 
order to note whether or not the mortar facing is being affected by 
frost. If the concrete has been frost-pitted, on the surface only, 
bush hammering will give a rough stone finish, pleasing in appearance, 
(See page 403.) 

Protection of North and West Sides of Structure.—Special pains 
should be taken to protect the north and west sides of the structure. 
Canvas curtains may be hung on the north and west sides of the 
building to keep out the wind. The side from which the wind blows 
is more liable to be frozen than the sides that are protected from 
the wind. 

Protection against Heavy Loads.—^Work to be placed upon con¬ 
crete laid in freezing weather should be delayed until the setting of 
the cement makes the mass sufficiently stable to carry the weight, as 
heavy pressure tends to retard the setting. Usually as much as 48 
hours or more should be required before masonry or other heavy 
weights are laid upon the concrete. Careful inspection of winter 
concrete should be made before loads are applied. In massive walls 
the rise of temperature due to chemical action in setting will be 
sufficient to enable the concrete in the interior to set before freezing, 
so that such walls will acquire considerable strength during cold 
weather. Thin walls, if allowed to freeze, will gain very little 
strength during continued cold, and must be loaded with caution. 

Duration of Protection.—All reinforced concrete should be kept 
at a temperature above freezing for at least 48 hours after being 
put in place. Concrete, if properly cured, should be immune from 
damage by frost within 48 hours. 

REMOVAL OF FORMS 

The most important precaution, and one the importance of which 
cannot be overestimated, is caution in the removal of the form tvork. 
Great caution must be used in cold weather, as the concrete sets 
slowly. Sometimes, two weeks or more after placing, it is possible to 
drive a nail into the concrete, which indicates how seriously the setting 
of cement is delayed. (See Art. 19.) ^ 

Careful Inspection Needed.—Careful inspection of winter work 
should be made before removing the forms, owing to the close 
resemblance between frozen and thoroughly hardened concrete in 
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appeanuufe. Froz(‘u coiu'rflc as a rule cannot be detecled by ordi¬ 
nary ins{K‘ction from et>nci*eLe cured under natural conditions. It 
fre(iuently shows a fracture throujjch the agp*eg’ato and will ring 
when struck willi a luunnier. 

Eemoval of Forms.—All forms under concrete placed in freezing 
weatlu'r should remain until the season has advanced l)eyond the 
probability of a frost. If earluu’ nnnoval of forms is ptnanitted, they 
should iHunaiu until all c'vichmces of frost are absent frmn the con¬ 
crete and the natural hardening of tiie concrete has proceeded to the 
point of safety. Forms for such work should be k(‘pt in place at 
least two wet‘ks longer than customary. Spt'cial care must be used 
in removing centering when the concreting has been done in cold 
weather. 

Falstnvork ttmst never be removt*d while the concrete is frozen. 
If nect»ssary artificial heat must be employed to thaw the whole mass 
and the sed and hardm^sH determined before' removing falsework. 
In othiT words, don’t rc'move any forms until absolutedy certain 
that thc' eoiicrete i.H thoroughly hardeiu'd and that no portion is 
eitluT soft or frozen. ()m» way of knowing when the cement is 
fully set and the conende propcu'ly hardened, is to actually test it 
with a hartirmu* for hardness. To do tills it; is necessary to remove 
small pend ions of the form work in c'ach section of the stimcture, to 
be certain that tlu're are no soft spots. A better method is to cut 
out a cdnmk, place it on a hot stove, and see whether it sweats and 
softens up. If it crumbles it means that the concrtde has become 
froz(*n and forms cannot he removcnl until it has warmed up and set 
permanetd ly. A single freezing will not necessarily injure the work, 
pren'ided forms are left on and it has a ehance later to harden 
thoroughly. 

POINTINa Mm> KEFAIBma STIEFACBS 

Finishing.—Pointing up or finishing {outside surfaec's during cold 
weather shendd never he attempted. FiVen whtm thc weather during 
the day is favorable it is ohjeetionalile to do pointing, as tlie frost at 
night will do injury to any wt»rk attempted. In all cases this work 
should he left until the tcmiperature is high enough to insure the work 
will Itiive timi^ to set hard before freezing. 

Eepairing Frozen Surfaces.—The rcunedy after the concrete sur¬ 
face is fn»zen wln^re tlu' rriatcndal lost has not got to hc^ replaecd, is to 
ra»Hurfiiee that mideritil wldch is lc»ft. If it must he replaced, the 
texture of the surface oriritmlly desired must determine largely the 
metiuid of treatment. If tliis he a plastered surface (see page 410) it 
is a simple mutter to rouglum up the hack to give a kc‘y for plaster 
and to place it on. If it is to he a tooled coneret.e surface (see page 
4011), then a sulllcient mass must be removed to tmahle a new facing 
to be plficed, inclmling aggregate of the same size and proporlitms 
as in the original wt»rk, in order to build out the face and also to have 
suflicicnt strength and stability eitlier to stand by itself or to be 
profmrly keyed by suitable methods like the use of reinforcement, to 
the back. 
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Concrete surfnees tiarua.Lred by tli€» aeticm dt* fn»sf may cM*easi<iiiiilIy 
be repaired by niaisieniti*^* the surfnet^ tlKU’duiilily am! thmi app!\in^ 
to it, in a sort td' rou^^h-east, a mortar of I part tif Portland i'ement 
and 2 parts t)!* sand. In this e(mnee(itm, set' Art. dth pam* d.’IF. 

Art. 34. Eubble Concrete 

Tn the constniefion of massiv<» work, stteli as ualls, piers, abut* 
ments, dams, breakwaters and tlie like, the embeddiiiir of stones of 
'S)ne-man size,or linger, in the* eenunete, i^ a praeliee i!»al luis 
lonpf been in vopie. The embedded stones tleerease the eost of eon- 
struction, since the cost of erushinijf the embedded stomps is sa\ed, 
and also shiee no e(*men! is nsjuire^I fo (Munbine these stone;^ info u 
solid masH. hi fact, a eonsiderable reduefion in most may be obliiine«| 
by the introduction (d* laixe Htones witlioiif saertfieiiii: In any way I hi' 
streni^th or fitness of the strueture. The ohjtadioii is somelinieH made 
that the incorporation of liuxn* stom's into eorierele iitfiaiVreH \viih 
the homogeneity of the' wall and that \ariiitions in expiiiision may 
result in injury to the work. This daiiuer, fio\ve\er, is mine flieo- 
roticid than real, espeeially in larKo, miwHlve work. This form of 
construction, Imwever, is suitable only for iniissive woik where the 
walls are not less tlmn 3 or 4 fetd thick. 

Designation of Rubble Stone and Rnbbl© Coaertte. Ttiene birim, 
irreg*nlar pieces of stone are ealled nthhir, and the eonereie nnide 
by using them is known ii« rabb/r roiirrrlr, Slones uned in the 
inimner rnentiomal above are also sometimes mdled ‘*!nilk %welier^.C^ 
plumbs/^ *hme-man stones,*^ ‘huggerhiaidsC '*buiilders/* •‘piielc* 
“displacemant stones/’ * Spudding stom»a/’ or *S*oliblesioiie«/^ 
Where the stones are placed so as to nltow on the face of llie work, 
or when* the ruhfde stones are very large, it is now em^lofiiiit\ to use 
the term **cyclopeiin masonry” iiwteml of riildile einierefe to diserilie 
the work. 

Careful Dispection Needed. Tim inspectimi must be tliorongli in 
order to insure water-tight work hy a tlmrotigli eofiipnrtiiig of tlie 
rubble concrete. It cannot he too strongly eiii|ilim^i/ed lint flie 
diflleulties of inHjjeetitin are mueli tiiereitHed wlieii rtiblile roiirirle Is 
specified, m there can be little elieek on the i|itiiiittly of litrgi* ^duties 
which a contractor can put Into n wmll. For tliis reimoii it h mmm<- 
times better, in contraet work, where tlie eoiHtniit «ii|iernsiiiii of mi 
Inspector is not available, to forbid at nil the iiieorporfitiiiti iiifu tlm 
concrete of large stonw, am! to use ii welldirokeii liggregiite, irirgiibir 
In shape and size and containing, tlierefore, ih « i|Uiiiitiiv of 

voids 118 possible. In this way the eeiiieiit will liind ii larger ipiiiti- 
tity of aggregate, and tlie eosf eiitfiilial hy forlddfliiig the ime of 
large stoneg will he to some eitenf reduced/ 

Shap© of Rubblo Stoufti.— Hubble si ones slioiilfi lif» i»f irregiilur 
or well-rounded sliape, rather titan eitbieiil or sqiifire rneml Hi|iii.ire 
edges act^ like wedges, tending to tdeiive flie miiss wfieii if sfiriiiks 
in, harddning. Rounded stosesi on tlie otlier Iiiind, ettibitfl tlioifiicflvei 
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more naturally^ while irre^^ilar shapes tend to key and prevent 
eraekin^. Flat stones are less desirable than cubical ones, as their 
tendency to prodiic(‘ spliltin|>- is still more pronounced. 

Size of Rubble Stones, dst ones used for rubble concrete vary in 
size trom one to st^veral cubic feet, accordinji>: to the magnitude of 
thc‘ structure. In heavy engineering: works, some of the stones thus 
insert( h 1 contaiii a cubic yard or more, but in buildings smaller pieces 
must be ustal, accordintif to the thickness of the wall or foundation. 
In otlier words, the size of stone is limited only by ability to transport 
and the width of wall. 

Proportioning Rubble for Ooncrete.—The (piantity of rubble used 
will depend on the size and shape of the stonc‘ and the method and 
care with which tlu^y are placed. The percamtage in different pieces 
of work of this cliaracter may vary from 15 to 60 per cent or more 

of the whole maHS. A ^^reater percentage of a given volume will be 

filled if the stone is large, size than if it is small size. Tf the rubble 
is of such size* that it can he handled regularly by one man or two 
nicun alamt 20 to 25 per c(‘nt of the spac(‘ filled !)y the concrete will 
consist of the stone, leavimj' HO to 75 per e(mt to be filled with mixed 
conende. In tin* ease* of sfotu^s that can !)(‘ handled only by a der¬ 
rick, the* perccnitage may rnn from about 23 per cent for the smaller 
sizes to from 55 to 65 per cent for large-siz(‘ stones avcu'aging 1 to 2 

cm yds. each or larg(*r, the amount of mixed concrete necessary thus 

ranging freun 66 to 35 p(*r ct*nt or less, according as tin* stoiu* is 
incH'iised in size*. In other words, tlu^ p(*rcentage of nibble stones 
employc*d vnri<*s from a few per e(*nt to ov(*r half the volume. Most 
Hpecifications, howc*v<*r, state thnt large* stone's shall not exeee'd 25 per 
ce*nt in vedume of tin masonry containing them. 

The prejportiem or pereamtage of large stone (*mbedde*d in rubble 
concre*tf* may be oblaim*<l liy subtracting from the* total volume of a 
ce'rtnin cemcre'te* the epiantity of concre'te s(*nt out from the mixer 
as shown by tin* number eif batches counted by tlie inspe'ctor at the 

Forms for Rubble Concrete.— Forms may be used us in ordinary 
cemcrete weirk (see (liapter IV, page lf)7), hut at times the rubble 
ceaicrete m laid as a hacking to facing masonry, in which case* the 
facing masonry is laid first and retains the rubble concrete* until set. 

Laying Rubble Concrete.— The storu's should In* perfce-lly elean, 
Inird and sound. No rotten or soft stom*H or rock should he* used, 
nor those wlucli art* partly rotten or seift. Rubble stones are he‘lte*r 
if the*ir surface's are irrc'gnlar than if they are smooth or roundt'd, as 
the voids of the* irre*giilnr stone atTeU’d hetle*!* Imiding power for tlie* 
ci'inenf. The stone's must he* thoroughly scnihbe'd ele*an before*, lielng 
plae»t*d in the work, and should Im moistene'd with wat(*r immc'diately 
lu'fore* setting in position. The* (piality of the stone should he eepial 
to hard trap, granite, gneiss or hard linu'stone. 

The stones shouhl he laid far enough apart to be* fully emcased 
in file concrete. TImt is to say, (*ach stone should be* so fdaeaid that 
there will be ample mom between it and its neighbor, usually from 



368 


!N.HPK(TI()S OF VONVUKflSa 


G to 18 in. apart. Tlu‘ sfotu*H nmst not lie* noaror tniv aiiofitor tliari 4 
ill., nor should they He nt*nn*r than G in. (pretVnild) 12 in,I to the 
faee or hennudh the surtnei* of the wall. 

The eonerete should lie \xH enoui*h to flow easily anuini! the 
stones, and should he deposittal in layers the thit'kiiesH uf whieli 
varies with the size of the stone to ht» lunhedded. A \er> wet niix 
tnre is < 4 ’(‘nerally us«*d in plaeinr nddde nuierefe, and in this easi 
the stones may he plaeed inueh eh»ser t(»indher thiiii wlieii a iiieiliiiiti 
or <lry mixture is nstul. Wlum the riihhh' Hfufies are irrininlat in 
shape, a sloppy eoiierett* must he tisia! !«» ii'ef flieiii tlioriiii!4'li|\ 
embedded. If the eonerete is md miisliy eiioiiidt to flow into aiiil 
fill all the spaees, it must be thoroii^ldy tamped to insure tint! none 
of the ereviees are left empty. Stomrs find have lint beds, like iiiiiiiy 
Bandstones and lim<*stones, ean hi» laid iipoii hi\ers of dry eoiimde 
and have* the vertieal iiderstiees filled with tlry ecuierefe liy tiniipiiiir. 
The author predVrs to havi* the eonerett* mixed rat her wet ami to 
eemtain a proportkmide exeess <d’ niorfnr in order flint Hie sioiiivs 
may he propf*rly united with the rest of the iiiiiss. 

The stones shouh! l»* s«*ttled info the eiitierefe iilreitdy liiid fitr 
enoup:li to insure their haviuK^ a fid! bed of iiiortiir or eonerete. If 
tlie larn'e stones do not sink into tlie eoiiereti* by I heir own ttekeht 
they slioidd be driven in with a riininier, or they sliuiild be ilrini|ie«l 
into plnee and settled by jo^»’^!inir wit It burs to ilrivi^ nut tlie iilr 
and brin^ the stone to a firm heiiritiir. Hitri itttisl lie tiliseiweil in 
baildinK stones m m to iivoiil the formiition of efHtlii*^, niifi ili«» 
eonerete slionld eornpletely fill the spiiee between flitnii. Her tliiit tin* 
stones are well jo^^led or worked to ii ir«»od bed with en*wliiir.fi, iiinl 
that vertieal spiiees are prcnldiHl and puddled to prevent iirebiiti: itinl 
voids. If this he not done the stone is apt to roek on if*4 becl, to be 
displaeed by ramrninif the eonerete, and to Iiiive vmh iiiidrriieiitli it. 
The stone may be plaeed by hand or with a derrieli. 

Tn eases wliere larm' stones are plaeed in layers of e«iiirrete wbirii 
are likely to set before Hiilweifiirid layers lire pliieed fliereiiti, they 
should be laid with one-half flieir snrfnee expiwed. If ii liry eon- 
erete is nsec!, the eonerete should be tlioroii^lily tiiiiijiiui liriitiiifl eiieli 
larpfa stone, Thoroufli fiimpin^ abinil the stone is ii#ees.iiiiry to iiimire 
the eement adhering to it« stirfiiee, mnl jiImo to insiire » perfeet filling 
of the voids. 

In joining new masonry to nifistinry tliiil iiii« iilreiiily wd, |ireeiiii» 
tions should be taken to stHuire n pnrfeet boiiillng by eleitniiig and 
washing the work iilreiidy in plnee, iifid by sfireiiilliig over it:« iiirriiee 
a thin wmh of iiiortfir before the mm iiifiMotiry In pliieefl, fHee 

Art. 27, page 32fl.) 

All edges should be strtiek off liorizotiffil iin atiy tetnfairary 

suspension of work. 

Tn plnelng the large stones, eiire be taken to peeiirt* gn gciol 

bonding, both horizontal and vertieal, m iimy lie praetiealili* witli 
this ela« of maionry. Tare slioiild be tiiwbetl to iviiiil In tiriv 
way disturbing itones after they have bttii itt, niile«» for ipeiiil 
reasons particular stones may be circltirfid removtd. Wtierever tlit 
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bond in broken aTter a stone has been set, the stone should be 
ijunu'diately taken up and reset. 

Art. 36. Depositing Concrete through Chutes 

C’oneretc' may be deposited in plaee by j;Tavity throujj^h movable 
pipi‘s, troui^hs or (diutes provided with elevator, hoists, ete.., as may 
1)0 nujuircMl. Th(‘y aie also provided with portable frames so that 
tlu‘y eau be easily movetl from phuu' to plaee as the work demands. 

In plaeinii: eonerete by the |>:ravity system there are three opera¬ 
tions: Tht' mixing of the in^ip’edients, stoiu', sand and eement, in a 
suitable bat eh mixer; hoistin^^ of th(‘ mixed eonerete by skip to an 
elevated hopper; and the transferriti^ of tlio eonerete tlirouj»:li i)ipe.s 
or troughs Icuulini; from this hopper to the point vvliero it is desired 
to be poured. 

aENEEAL EEQUIEEMENTS 

Bagregation.” St‘Kn‘e:atiou (separating the stone from the llnor 
material) must he avoided in tleposiling eonereU^ through eluit(‘H. 
On aetH)unt of thc^ veloeity whieh the larger stones attain in 
passing down the eliut(% they gtaunaUly fall some distaneo in front 
of its month, whenuis the mortar, sliding gently down, drops ver- 
tieally from the mouth, thus eounteraeting to a great extent the labor 
bestowed in eareftilly mixing the ingnulients. This will neeessilato 
rcunixing the eonerete immediately after it nuiehes the bottom of the 
ehute; but no time must b(^ lost eitlnu* in the original mixing or in 
the deptwiting, if this seeond mixing is to do any good. 

Consistency of Mtonre.—In eluding eonerete, a mixture should 
he used whieh is just as wet as it ean he and at tlie same lime liobl 
together, A rleh mixture will flow better that) a lean mixture, and a 
mixture whieh has been thorougldy worked in tlu^ mixer flows bed ter 
than one whieh has not. The iuMptudor should dei(‘rmine tlu^ wetness 
of mixtttre to be employed by making a few trials witli mixtures of 
different eonsistenei«is. 

INSTEUOTIOHS EOE OPEEATINa A SPOUTmC SYSTEM 

Tlie following general instruetions for operating a spouting system 
may be of value: 

1. Hun about 10 ft. of water in skip. 

2. Charge mixers, using mostly sand with the cement and plenty 
of water. 

3. Hun up skip with water and drop at onee, following up as 
quiekly m possible with a charge of eonerato. 

4. Hull the mixture so that it may have the eonsisleney of a thick 
gravy, so that wlien it levels off the rock is seen held in suspension. 
If wlien liumpeil in skip it stands up, it is too thick; if it levels off 
and showi about an inch of water, it is too thin. 

5. There should bo a man in the tower to operate the concreto 
gate on the hopper to regulate the flow of concrete through the pipes 
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or troughs. The stream should fill about one-third of the conveyor 
pipe or trough and the charge should be so timed that the stream 
will be as continuous as possible. 

6. The continuous and successful running depends on the uniform 
mixture. Be careful not to get it too thin. After a shut-down of 
over 10 minutes, flush the pipe or trough by sending up 10 feet of 
water in the skip.^ 

7. At the end of the day’s run clean out the mixers with two 
charges of water. Send these through the pipes or troughs. 

8. All pipe joints should be oiled with thick grease so as to pre¬ 
vent sticking. 

Cleaning Chutes. —Cleaning of chutes is essential at the end of 
the day’s work, and in beginning work again the chute should be 
drenched with water to lubricate it so as to avoid trouble in handling 
the first few batches of concrete. 

CONSTEUCTION OF CHUTES 

With the actual construction of chutes the inspector has little 
to do, his duties being restricted to seeing that the quality of the 
work is maintained rather than the means used by the contractor 
to carry on the work. However, as the inspector is interested in tlic 
progress of the work to see that it is completed in the time agreed 
upon, the method of handling the material may become of vital 
importance. The author will therefore discuss the construction of 
chutes very briefly. 

Sagging. —Chutes must have ample strength against bending or 
sagging between supports. If the supports are far apart, the chute 
should be stiffened by truss rods or some similar means. 

Slope of Chutes. —A slope of 1 to 8 is about as flat as concrete 
will flow without help, even when the travel is short. The inside of 
chutes, particularly if the slope is flat, must be as smooth as prac¬ 
ticable. A Wet concrete will flow quite readily on a slope of 1 to 4. 

Elbow Connections. —If the chute changes direction, say, from a 
45-degrce slope to a vertical drop into the fqrms, the elbow connec¬ 
tion should be firmly anchored against shock of the flowing mass 
due to its change of direction. 

Canvas Sleeve. —If the chute has a long, steep, straiglit run, some 
arrangement should be made to prevent scattering when the stream 
discharges. A canvas sleeve extending from the chute, or a short 
vertical elbow, will ordinarily accomplish the result. 

Steel Lining. —The wear from fast moving batches of concrete is 
considerable, and where a chute will have long use provision should 
be made for wear. A removal steel lining may be used to take 
the wear. 

Platforms. —Chutes should be built on substantial platforms, high 
enough in the air to give proper fall to remotest chutes. 

Prevention of Separation of Aggregates.— It is necessary tliat 
some precaution be taken to avoid separation of the aggregate. This 
pay be accomplished in several ways, either by chains loosely 
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stretched at intervals across the chute, or by shelves extending' part 
way across the chute at an incline and alternately on opposite sides, 
so as to give the concrete a zigzag travel down the chute. Either 
of these methods is a direct benetit, as it more thoroughly mixes the 
concrete. No dinting should be done in freezing weather. 

Art 36. Depositing Concrete under Water 

C'^oncrete may be deposited in still water, and will harden there 
almost as soon as in the air. It should not, however, be placed under 
water, unless unavoidable. Only relatively massive work should be 
concreted under water, and where great strength is not re(iuircd. 
Porous and imperfect concrete may be expected around the margin 
of the work. Placing concrete under water is a particular job. It 
will not' do men'ly to dump the concrete into a deep pool and trust 
in Providence for the rest. The standard methods of depositing 
concrete under water are through tremies, in closed buckets, and 
in bags. 

GENERAL REQUIREMENTS 

Instructions for Concreting under Water. —In every case where 
concrete is to be placed under water, special directions regarding its 
composition and method of placing should first be obtained from 
the engineer in charge of the work. The inspector, of course, will 
be governed by the engineer's instructions. 

Mixing Concrete.— The concrete should be a 1:2:4 mixture. Con¬ 
crete deposit(‘d under water should be given an ample proportion of 
cement—in fact, it is well to use about 10 per cent extra cement, to 
allow For loss. The concrdc' should be of sucli consistency as to 
settle by its own weight. That of a quaking consistency is generally 
used. Poucrete should be mi.xed long. 

In all cases, or by whatever means the concrete is lowered, it 
should be allowed to take an iuiiial set, losing to some extent its 
plasticity bo Fore being lowered through the water. Poncrcic that is 
mixed aud allowed to stand several hours and then remixed again is 
preferable to Freshly mixed concrete for placing under water, as the 
cement is partially set and is less liable to be washed out. It is 
sometimes argued, however, that the concrete loses as much strength 
by the disturbance of its sotting when in what is termed the plastic 
state as by the loss of cement under ordinary conditions. 

Dry concrete, i. e., a mixture of aggregates and cement without 
water, should not he employed in laying concrete under water. 

Depositing Concrete under Water. —Concrete should not be 
deposited in foul or polluted water, as that containing s(‘wnge or 
discharge from pulp or paper mills, tanneries, etc., or refuse from 
any other washing processes. Such water coming in contact with 
fresh concrete will destroy it by attacking the setting cement. 

Placing concrete through water should be carried on continuously 
to insure a perf(‘ct monolithic mass. Where concrete is not deposited 
continuously all sediment should be removed from the surface of 
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the concrete, by pumping or otherwise, before depositing fiesh con¬ 
crete. Concrete should be placed in as large batches as possible. 

It is very important that concrete work be carried on continuously 
in muddy water j otherwise there will be formed layers of laitancc 
and mudf from Vs i^* ^ more in thickness, which are weak 

and will result in the settlement of the structure. On a certain piece 
of work the top of concrete which was used for sealing the bottom of 
a cofferdam, and which had been left for about_ two weeks before the 
cofferdam was pumped out, was found to contain a great deal of this 
class of rotten material. The bottom of the cofferdam at the top of 
the seal was very rough, and in the valleys, which varied from 2 to 3 
ft. in depth, there was found about 6 in. of this useless material. 

Concrete may be deposited successfully under water, if so handled 
as to prevent the washing of the cement. The concrete should not 
be dropped from any height over 6 in., but should be deposited and 
spread gently, without ramming, so as to prevent the separation of 
the ingredients and thus secure a homogeneous mass. Under no 
circumstances should it be permitted to deposit concrete by dropping 
it freely into water and allowing it to settle to the bottom. Mixed 
concrete if emptied loose and allowed to sink through water is 
destroyed. Dropping concrete through a depth of water will not 
only wash out some of the cement but will tend to separate the 
ingredients. Even a drop of a few feet causes the material to 
rearrange itself and settle with the heaviest part, such as the gravel 
or broken stone, at the bottom. 

Great care must be taken not to disturb the water in which the 
concrete is being placed, nor to touch the concrete before it has set. 
It cannot be too strongly insisted that freshly deposited concrete 
must not be disturbed. 

Spreading Concrete. —Care must be taken to keep the surface of 
the concrete approximately level by means of a rake or other suitable 
tool immediately after being deposited, in order to avoid the forma¬ 
tion of pockets which will retain laitance as mentioned below. The 
inspector should insist upon the concrete being deposited in the 
allotted place in a compact mass and in a good and workmanlike 
manner. The concrete must not be rammed under water, as the 
stirring of the water will carry away cement. It should be wet 
concrete, so as to require no ramming. 

Laitance. —^When concrete is deposited in water, a pulpy, gelatinous 
fluid is washed from the cement and rises to the surface, appearing 
as a sort of milky scum. The French engineers apply the term 
Haitance^^ to this substance. It is a whitish, gelatinous substance 
which, while of about the same composition as the cement, has little 
or no hardening properties. (See also Art. 31.) Care must be taken 
to prevent the formation of laitance, which hardens very slowly 
and forms a poor surface on which to deposit fresh concrete. In 
fact, its presence on the surface of or adjacent to deposited concrete 
weakens the bond between old and new material. Laitance is formed 
in both still and running water, and should be removed before 
placing fresh concrete. 
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Detecting Wash.—The existence oi‘ wasliiniG:’' in concrete 
<Ie|HKitiHl un<U‘r water is shown by the rising to the surface of a 
milky scum, which, as numtioned above, is called laitance. Tlie 
prcs(*n<‘e or ahstmce of laitance indicates quite clearly the presence 
or ahstm<H‘ of washiui^:.^^ 

Protection from Currants.-—Wliere there are currents, a daufi^erous 
atuount of washiui^: may result after the concrete is in place, (’ou- 
cret<' should never he placed in running water. The damper is that 
tlu' cenamt coatinir will be washed off tiie sand and gravel particles, 
leaving the juass without a binder. In fact, if concrete is deposit(al 
witli the utmost care, in closed buckets or through tremies, and there 
is any current to spcmk of, a considerable portion of cement is 
certain to wash out of the deposited mass. Placing concrete nmhu' 
waits*, tluu’eftu'e, involves the distinctive task of providing means 
to prevent tfie washing action of the water. It is also distinguished 
frtmi work tlone in air by the fact that it cannot be compacted by 
ramming as mentioned al)ove, but the main problem is that of 
pr<*venting wash during and after placing. The only remedy in 
such eases in to deflect or break the current by slfudds or other 
means, and the means adopted must be deden lined for each case 
separattdy, 

Wh<‘re tlio concrete must be deposited in running water, it may 
be done l>y plaeing the concrete in bags and depositing the bags in 
pla<*e. Instead of bags for placing concrete, substantial forms or 
cofferdams tuny be used, so built, as to prevent currents of watcT 
flowing thrtnigh tluun w\wn using tnunies or buckets. Cofferdams 
should be sufllctently tight to prevetit current through the pit, and 
the water in the pit shfiuld be epuet. 

Care must be takmi to prevent the cement from being floated 
away. The inspect«tr Hlionld watcli for trouble of this sort and 
pn>mpily notify the engineer when it appears. 

TKBMmU, BirOKBTS, BAGtS, ETO. 

Bepoiltiag through Trwaie.—A tube of wood or a sheet metal 
fnntitil with a stem 12 or 14 in. in diameter and long enough to 
reach to tlie bottom may be used to deposit concrete under wafer. 
Siicii a tube m called a tremio. The method of operation is to fill 
the tube with concrete and then lower it into the wattm, removing 
thii bottcmi by meiinii a mechanical arrangement, and tlum allowing 
the eoncretirto come out gradually, while at the same, time a nenv 
supply m iliovded into the top of the tube. Much care is reciuired to 
secure a Hteiiily movement of tlie concrete. 

The concrete siiould be mixed plastic, but neither dry nor wet— 
the former m liahle to ch»g in tlie tube, and the latt(*r flcovs out at the 
hiwer end tfici etisily. In otlier words, if the concrc^te is mixed v('ry 
wet the cliiincii oflosing’^ the charge is increased, and if mixed 
ti»o dry It is more liable to choke In the tube. 

C*iire muHf be taken tliat tim concrete has no fall through the 
witter, but caiMS out so as to cause a minimum disturbance of the 
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material The tremie sliould be kept filletl with eonerete up to the 
top of the waUo' level and tlie diseharue end slundil he kept huritMl 
in the Freshly d(‘posit('d mass, to i>n‘vt‘nt emp^yi^^^ and rnis<Ml a 
few iiK'hc's at a time as th(‘ lillinii' progresses. Kvtu’y tinH‘ (he titmfn* 
is eharaed aianv it n^sidts in \vash(‘d emierett' until the tii!>e is a’lain 
Full The tremie must he earelully mov(ul ha<*k and forth so as to 
deposit an even huau* over the area to h(‘ eovertMl 

Wlnm neeessary in passim^: under and around eertain ohjtads, 
curved adjustable len.u'ths should b(‘ provideti at tlie hoKuin cd’ the 
tremie For tl(‘positin|^ the concrete in places that wouhl be otherwise 
inaccessible. 

Depositing through V-Shaped Box.— In hnverin*r conerete tlirouuh 
vvatcu', a \'-shaped 1 )On: of wood or plate iron is often nsetl. This 
apparatus is so built that by a lever or rope iirrnuyemeut tine side 
of the box will swin*r loose aiul allow tiie conerete to fall out. Tlie 
box is tluui raised and ndlllcHk 

Depositing in Buckets.- -There are numerouH devici’s in tlu^ shape 
of buckets that are used for depositeoncret<» under aater, Tlie 
{‘ssential tVatures of all of these Inudcels for de‘poHitiin^ «’onert*te are 
that tlie form lie such that when the bucket is opened all of |!ie 
contents may fall out, and also that the device for tipeiunic shiill \w 
Bucii that it can he worked from above. 

Wluu'e drop-bottom huckets are used, they shiiiilfl he lllletl on the 
mixing platforms and the tops closed and latched, so as to preumt 
the washing away of the cement in passing lliroitgli tlie water, Tlie 
huck(‘ts should he lowered vertically pi the ho!lorn m rapidly as 
practicable. They Hhould not he dumped mil if the liiicket is close to 
the point of dc'posit, so that the concrete will not ffill through the 
water. The bucket should he carefully lowered to tin* hot lorn and 
raised to the surface, so as to caust^ as little clisturhance ns possih!i» 
of the water. 

Care must be taktm t<i keep the deposited foiicrete as nf‘iiiiy 
horizontal as possilile over tlie area to la* covereil. The placing of 
isolated piles of concrete ntuat not Im peniiitted. 

Depositing in Fails.—In small work the coiicri*t«i can be put in 
pails, boards placed over the pails, and when the liiilttiiii Is renclied, 
by turning the pails over, drawing the boards from iiiiileiiieiilli tlieiii, 
and raising tlie receptacles, the concrete is allciweit to flow out. 

Depositing in Bags.— “Concrete may be deposifeil uinler ivitfer by 
enclosing it in paper bags and lowering «ir sibling tlieni tliiwii an 
incline intti place. The bags get wet and the primstire of cfuirrete 
soon bursts them, thus allowing tlie concrefi* to into n singlit 

mass. Tin' paper bags should be placed in tlie di'^iri^d piwitioii under 
w'ater in such a manner tliat the hug or envelope k not ruptured 
until after or at tin* time if is in place. 

Concrete is also depositful under water by eiicliwing if in npi.n. 
cloth hags, the cement oozing through the itiesiicH siillicieiifly to iiiiite 
the whole into a single mass. Porous lings slionbl be lowered rapidly 
through the water into place to reduce the time of wnsb. 

Sometimes very large bags are cmpb»yet!. If loosely filled tliey 
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will flattoii (Hit after placing and will cement together more oi’ less. 
TIu‘ insptaMor should see that the bags are not tilled too full to settle 
n^ndily and closely together when piled in place. No delay should 
oe<'ur in th(‘ proeess of d(‘positiug wliieh will permit concrete in pla<'e 
to l)(‘com(‘ s(‘t h(dor(‘ suceetuliug bagfuls are deposited. The d(‘tay 
betwetm mixing the concrete and tilling and depositing the bags should 
not be long {uiough to permit the concrete to have set. 

GEOUTINa SUBMERGED STONE 

Classes of gravel, broken or rubble stone deposited under watcu* 
tnay Ih* <‘emented into what is virtually a solid concrete by charging 
the int(*rstic(»s with grout forced through pit>es from the surt'accn 
(Irout has been forced through 2-in. pipes into d(‘pths of 50 ft. 
ami ov(n*. 

Mixing Grout, Tlie grout should ho a 1:1 mixture of Ptu'lhind 
cement and sand, witli Hutlicient watcn* to foi’m a thick paste. 

Art. 37. Cinder Concrete 

Cimhu’s an^ offc*n made use of in c(uici’(‘te. The prineipal advan¬ 
tage of cituler concrete is that it is light in weight, b(‘ing much 
lighter than stone concrete, as it wc^ighs about 112 to 120 lbs. ptu' 
cubic foot, while hIoih^ coticrete weighs about 150 lbs. per cubic foot. 
It dc»es not compare faviirably with stone concrete* on account of its 
inferior strength and beeause it is likely, in lean mixtures, to cause* 
e*(»rroding of Ktc*e»l or iron, (’oncrcte in wliich cinelers are employe*el 
as the* aggregate^ m always infe*rior in strength to broken stone* or 
gravel, tor tin* Htrt‘ngth eif cemcr(‘tt‘ is governeel by the Htr(*ngth e)!’ 
the* nu'gre'gntoH. It Is, boweve*r, lighter than re)ck cumcrete' as me*ti- 
tiom*d abtive, wlien strong en )ugh fe>r the pnrpeme intenele*d. (dnel(‘r 
c(inerc*(e Hheadd iH»t be^ used where! great stretigth is re‘e|uireel. It is 
not adaptf»d to n‘infon»ed wenic bcMuiust! it is so porous that it doc*s 
not prote*ct tlie steel from corrosiem, 

Cimler concrete may properly be used for filling vacant spaces 
and fe»r certain parts of structures in winch the Htresses are very 
small. It is very useful in filling in between the slee*pers in buildings 
and em the top of terra e'otta luehcm. It may also be used in filling 
in till* spiimlrel of steme en* concre‘te arch. It is Hometimes um*d for 
t’le {'onstruction of Vi*ry light reinforced work, such as tlie fleieir e>r 
fire e*se*iipe lialconies and otlu*r weirk of this cliaracteu’. Cinder con- 
eretc' may be eanily cut or chipped, and nails may bo readily driv(‘n 
into it with ease for a month or two after it has set—both of which 
c|ualitit*s are additional reasons for using it for floors, particularly for 
the filling between the steel beams used in the construction of 
fireproof floors. 

CiiiderH are used for concrete in fireproofing wtirk, such as floors. 
If the cinOers are %vell burned ami free from lutups of coal, cimhu* 
cc»ncrete makes an excellent fire protection. Hucli concrete is light 
ill weivlit ami porous and a very pom* conductor of heat or sound. 
Owing to tlie viirkble and unreliable character of the material it 
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cannot bo recommended for structured in which strenirth is the con- 
trolliui? factor in tlie desiern. Its most valuable properties are its 
weifi^ht and the resistance which it oilers to heat. It is therefore 
used for fireproofiiiK and li^ht lloor construction. 

The danirer of cinder concrete is that tliere may b<» too matiy 
ashes in it and therefore the concrete will not be |,^ 0 (k 1 . TIumh* itiay 
be a ^reat deal of uneonsumed coal in the cinders, am! this is a 
menace in case of fire. Certain eoals have a hi^rh sulpimr content, 
(hnder eoncrete made from cinders produced frotn such coal m»ver 
stops expaudinat apparently, and many huildin^^s liave been damaKnai 
from this cause alone. Sulpimr attacks metal badly, ho that reinforced 
einder concrete made from cinders containing much stdphur will 
rajudly weaken. 

Quality of Cinders. —^Only clean cinders, and preferably those 
from the furnaee of a stcuim boiler, should be used for tnaking 
concrete. It is best to screen the cinders so that the ctmerete %vill 
not be made lean by the fine particles when mixed wdth mortar 
already containing sand. For properties of cimlers snitahle for 
conerele work, see Art. 11, page 122. 

Proportioning Cinder Concrete.— The proportions commonly tned 
are 1:1:3 and 1:2:5. Tinder concrete in the propcnlion of 1:2:4 is 
probably as good a protection for steel as stone concrete. 

Mixing Cinder Concrete,— In using cimler eoncrete where steel 
reinforcing is entailed it should be mixed with ait memn of fine 
mortar and very wet, so that the cement will he licptid enough to 
fill the little cavities in each cimler. Clreat cure must bt* taktm in 
the mixing and proportioning of the ingredienta. A rich mixture of 
cement should always be reipiired. 

A wet mixture is most suitable for concrete matle witlt cinders, 
owing to tbeir porosity, so that the cement will be li<|uiil ciiougli to 
fill file little pores in each cinder. This precaution is indispcnHable 
wlien the eoncn‘te is to be used witli steel, m otherwise the hIcc! will 
be rapidly corroded by tlia action of air reaching it tlirough the 
little cavities in the cinders. When concrete is wLtigl wot enough to 
puddle easily (see page 2f)fl), the cindert will work to the top, kdng 
lighter tlian the cement and sand, E»|Micla! cure mmt be used wticn 
depositing this concrete, and the concrete should he just wet enough 
to shake like jelly in the harrow. When whiiclecl any diitiincc, mix 
the conerete in the barrow before dumping. 

Laying Cinder Concrete.— Titider concrete wlioiild lie riimiiied or 
tamped veiy lightly, If at all, as lieavy ramming or titmplng will break 
the cinders, leaving uncemented surfaces. It sliciiild prcff*rjihly he 
puddled. 

Art, 38. Asphaltic Oonertt# 

Asphalt or tar concrete in which steam cinders or broken ^fone 
or gravel and sand are mixed witli asphaltum or tar irwteail of 
cement paste is used to some extent for wat#rpnM>flng and 
for lining reservoirs and constructing mill floors. Such mixtitrcs ditlcr 
in degree only from the mixtures used for asphalt street paving, for 
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discussion of which the various books on paving’ and asphalts should 
be consulted. Their ixiost valuable properties are, iinperviousness to 
water and elasticity. 

Proportioning Asphaltic Concrete.—Asphaltie concrete may be 
ctunposed of asphaltic mortar and broken stone or gravel in the 
proportion of 5 parts of stone and 3 parts of mortar. 

Mixing Asphaltic Ooncrete.—Tlie broken stone or gravel should 
be heated to a temperature of about 250® F. and added to the hot 
asphaltic mortar. Tlio mixing is usually performctl in a mechanical 
mixer. It may, however, be done with shovels on a board platform, 
the asphalt being poured over the stone. In making asphaltic con¬ 
crete, care must be taken thoroughly to mix the asphalt and the 
stone, Each fragment of stone should be covered with asphalt; but 
more asplialt than enough to fill the voids is objeeticmable, since it 
inenmses the cost and d<*creases the strength of the mixture. Usually 
10 or 12 gallons are reciuired for a cubic yard of unscreened stone. 

Laying Asphaltic Concrete.—-The material must be laid hot and 
rammed until the surface is smooth. Fare must be taken that the 
materials are properly heated, that the place where it is to l)e laid 
is absolutely dry, and that ramming is done before it chills or 
becomes wot. Tin* nimmers should be heated in a portable tire. 
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INSPECTION OP SURFACE FINISHES FOR CONCRETE 

WORK 

Art. 39. Imperfections in Exposed Concrete Surfaces 

Exposed concrete surfaces frequently present a pateliy or 
unsightly appearance. In fact, it is not such an easy matter to 
secure a smooth or even grain and uniform color on a concrete 
structure. In* a very large majority of cases concrete structures 
are disfigured by a lack of uniformity in color, dark or light patcluvs 
being conspicuously noticeable, while in other eases a streaky appear¬ 
ance is to be seen. The imperfections in the exposed surfaces of 
concrete are usually due to one or more of the ten well-known 
causes which may be summed up as follows: 

1. Variations in the nature of the cement, sand and stone. 

2. Lack of uniformity in the amounts of ingredients in each batch. 

3. Insufficient mixing in any or all batches of concrete. 

4. Lack of care in placing the concrete next the mold. 

5. Lack of proper protection after placing concrete. 

6. Effiorescence and discoloration of the surface. 

7. Unsightly constniction joints. 

8. Imperfectly made forms. 

9. Dirt on the forms. 

10. Adhesion of forms. 

Variations in Concrete Materials. —^It is generally desii able that 
no change in the brand or quality of cement be made throughout 
the work. Different brands of cement may give different colors 
to the finished work. After a brand of cement has been accepted 
by the engineer and the contractor has purchased the same, no 
other brand should be permitted upon the work except by special 
permission of the engineer. The frequent changing of brands of 
cement is not only harmful to the work but also causes delay in 
testing. If more than one brand of cement is used the colors must 
be such as not to show marked variations in appearance of the 
completed work. Only one brand should be used at the same time 
in any section of the work, the idea being to prevent mixing of 
brands; but two brands may be used in succession on the same day. 
(See Chapter I, page 19.) Consideration should be given to some 
extent to seasoning, as a well-seasoned cement is less likely to cause 
craze cracking, shrinkage cracks or hair-checking than one which is 
fresh. 

A more uniform color will always be obtained where some puz- 
zolanic material is ground in with the cement, such as slag or trass, 
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This liydnitc'd silicitms umlerinl ('onihines vviili ilio lime which has 
hvm an<l |H*(‘V(*uts its wasliinn- out on the surface. The 

l^riiulinir uf sucli mat(‘rial with IVrtlaiid ccnieul, esi)ecially where it 
is t(» be expostal to scat water, is iiinldy desirable. The use ol a small 
amount of lamp l)laek in eoimn'tc' will o-ivc a much more pleasing’ and 
tmiform color than can ever be obtained with slraiij;'ht cement. (See 
pai^e 3112.) 

All sand used in concrete that will be exposed to view should 
be of a brikdit, uniforni ctdor. No sand shotild ])e used for the 
tmtsiile finish of any concrete wliich contains small particles of 
ctanl or litrnile, althouvdi sand of tliis character may be used in the 
intmicm ptuditm of heavy pitams of concrete work/ The sand used 
for concrtde surfiict*H and for mortar faciniii's should be (dean and 
Mifllcienlly coarse. It should he fret^ frotn all foreii^m mattt^r, 
exeeptioK loam t»r elay, wliieli may be permilted if the (juautily 
tloes not exeeed 3 per rent, and when ih(\s(‘ materials do not occur 
as a eoniiiur on the sand irralns. (See Art. 8.) 

llri^ken stcnie or gravel for <*xpoHC‘d eoneixdc^ surfaces should ho 
clean and shtnild he fna* from hmnp clay, shah*, and all perishable 
and foreii^n mutter or otlu’r improp(*r substama^s. It should be 
washed or •screened, or both if neecssary, to remove such suhstane.es. 
(See Arts, II and HI.) 

The water UHial in mixim? the* concrc'te should bo fi’ee from iron 
or either impurities that tt*nd to discolor the concr(‘ic. (See Art. 12.) 

Lack of Accurate Proportioning.- d.ack of uniformity in the 
anuiinds of ifmrt*fllents in each Imteli will (luisc imp(*rf(*c.iions in 
the expewed surfaces of ct)m'rc*ti*. The inHp(‘cior should make* eer- 
tnin that tlie specifletl prop«irtlotm arci aecurat(*!y and unilbrmly 
adhered to. In thin connection, see Art, 14» pa| 4 :o 152. 

Insuttclint Mixing of Ooncrat©,~( oncrc'tt^ should be ihorouc?hly 
mixt*d and not alhnvctl to lotik raw when (U‘posi(('d in the forms. If 
tin* ccmcrete is not imiformly mixed, the surfacci will be irr(‘a‘iilarly 
coloietl and will contiiin pitted am! hoiieycombed spots, with b(‘rc a 
patch of smooth nmrtiir ami there a patch of exposc^d stom*. ('ar(‘rul 
mixhm^ wdll avoid this tt» n ireeat extent. (Sc*e Art. 15.) It will readily 
he understood that where any excess of wattm is UHe<l, se< 4 ‘r(‘«»*aiion oC 
the coiiiw iiml fine pitrtic!f‘s will take place, with a rcssnltin^ difference 
in coltir. Where ii liirice artiotmt of water is nH(*<l the eoncrete, is 
more porous mid the Vf*ry eonHlderablo pcu’centa^u* of free lime 
lihcriited from tlie Portlftml eement in tlm eonrse of s(‘itin,<j:, is more 
teiidily hroie^dit to Hie sinface at sucli a point. Tlic'se results can ho 
readily illuHtniteil by sltakim^r up the very wet mortar in a t(‘si tube 
and iilhnUm? if fosiiliHide luit! set. The anaumt of wiit(*r in a concrete, 
the face of wliicli to he exposed, should ha neither too small nor too 
liifKis hut such II concrete should certainly not ha dry or the exposed 
face will lie lioiieycoiiihed. 

Lack of Otr© in Placing Concrete.—If the conc»*ata is nnmixed 
in the !iiuiilltiik% the Htirfaee will ha irrc*^oilarly colored and will 
contain pitted and lioric\combed splits. Impcj’fcclly jilac(*d concrete 
will liavit here a piilcli of smiKitli mortar and there a patch of exposed 



380 


INSPECTION OF SUBFACE FINISHES 


stone. Careful placing will avoid this to some extent. Spading forks 
should he used to pull the coarse stones back and cause the mortar 
to flush to the surface. (See Art. 41, page 384.) When airholes 
appear in the surface of concrete cast against a mold, there is an 
indication that the concrete has not been properly tamped. Thorough 
tamping is absolutely essential to securing good concrete and a 
smooth surface. In this connection, see Art. 25, page 298. Surface 
coatings can be used to cover up any defects. (See Art. 44.) 

Pock marks (blotches or pippings in the smooth surface of mortar) 
are caused by the incorporation of air or water or foreign matter, 
which in the process of setting are forced to the surface. 

Lack of Proper Protection of Concrete after Placing. —It is 
useless to make good concrete and place it properly, unless care is 
taken to protect it until it is hard enough to take care of itself. 
All exposed surfaces of finished and unfinished concrete should be 
kept constantly moist by sprinkling with clean water at short inter¬ 
vals. An excellent practice is to cover the surface with burlaps 
which may be kept saturated. This not only furnishes the necessary 
moisture but protects the work from the direct rays of the sun. Rain 
falling on green work will make it rough and unsightly. Too rapid 
drying is apt to result in hair-cheeking or map-crazing. These hair 
cracks may usually be prevented by keeping the surface wet for a 
considerable time. (See Art. 29, page 335.) 

The appearance of a concrete surface can be modified somewhat 
by the treatment it receives while hardening. If it is allowed to dry 
rapidly it will be of a lighter color than if kept damp and cool and 
allowed to dry slowly, also the former surface will be more dusty 
than the latter. 

For a spaded or mortar face finish, extreme care should be taken 
to protect the surface from danger of injury by frost. A thin scale 
about 1/16 in. or more in depth is apt to scale ofl from mortar 
facings which have been frozen. This, of course, is objectionable 
where a smooth finish is desired. In no case should fresh manure 
be placed over very green concrete to protect it from freezing, as it 
will spoil the surface of the concrete. (See Art. 33, page 361.) 

Efflorescence and Discoloration of the Surface. —^If the concrete 
is not water-tight, and particularly if there is water or earth against 
the back of the concrete, efflorescence, or a white (or a yellow) 
coating on the surface, is likely to appear. Efflorescence results 
from diffusion of soluble sulphates of lime and alkalis to the surface. 
In other words, it is due to water percolating through the concrete 
and dissolving the soluble salts, which are left as a white or yellow 
powdery substance on the surface when the water evaporates. 
Efflorescence tends to disappear in time, and rarely is sufficient in 
amount to cause any complaint. For causes, prevention and removal 
of efflorescence, see Art. 31, pages 342, 345 and 346. 

The presence of iron in the water or the material of which 
concrete is composed sometimes causes the appearance of small 
brown spots, like smallpox pits, on the surface of the concrete. 
Where there is any doubt as to whether or not there is iron present. 
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tlu^ susp(‘(‘tcul rnnlorial should bo sent to a j^ood labonitoi'y for 
analysis and rt^pori. SidpiuUo of iron is sonietinies ourountcu’ed in 
certain eenients; this causes dirty brown spots to appear in the 
work troui the oxidation ot tlie iron. Underburnetl eements also 
often prtHlueo the same results. 

jUtutiishes which appear vvdien the forms are removed should bo 
eorreeUal while the concrete is |»:reen. 

When concrete surface's are discohmcHl as a result of smoke, 
soot and similar impurities, it is sometimes possible to remove the 
accumulation by applying naphtha. If this fails, a light application of 
sand-blast will entirely remove the discolored surface. (See page 405.) 

Unsightly Construction Jointa.—AIl concrete work should be 
finished in its eiitirety before shutting down, but when this is not 
possible the resulting joint slumld be formed where it will least 
impair the strength and appearance of the structure (see Art. 2(1). 
Jf the placing of the concrete <hH»H not proceed continuously day and 
night, an unsiglitly line on the surface is likely to show where the 
two days^ work joined. In fact, the most nolieealde inpxmfeetion 
in ctmerete Hurfaees is the lipping between consecutive days^ work. 
The sfitTer the forms, tlu! less tlu' lipping. On aceomd of this lipping, 
each day^H work sluudd be brought to a horizontal layer by using a 
straight edge, ('are must be taken in the location of and in the 
manni'r of constructing the resulting jcdiit if the concreting does 
mit proceed continuously. 

If the appearance of tlie finished face is of importance, special 
care must be cxercisetl in order to prevent unsightly consiruetion 
joints. Onsightly lines on the surface may Ije almost entirely elimi- 
natetl by nailing a bevel or triangidar strip against the fortn and 
finishing the dayV work ti) the inner edge of this strip, thus pro¬ 
ducing a, regular groove instead tjf the usual ragged division line. 
The author has (deserved in a great many concrete struetiuHm that 
where tme day’^n wtmk joined that of anotlier, unsightly eonstruction 
jednts could be very easily noticed, and in sotne cases these joints 
or lines were ineliiual at itbcmi the angle of repose of the wet eoneretci. 

Imperftctly Made Forms.— Home of the precautions that must bo 
taken to secure a good finish t(» tlie face of concrete woik have 
already been iiientionetl in considering the ftirms (see ('hapter IV, 
page 1117.) 

In well mixed nnd placed concrete the film of cement paste which 
flushes to the surface will take the impress of every flaw in tho 
surfiiee of the formii. In fact, all the defects in tlie form work will 
«lmw on II flat concrete surface; in addition, all defects in the cun- 
crelii will sltow. It will even show the grain marks in well-dressed 
lumber. From this it will be seen how very difllcult it is to nudd 
ccmcrete that the surface will not bear evidcaice of the mold used. 
It is diflleiilt if not Impossible to make perfect forms, and the degree 
of perfection to which it can lie carried depends upon the workman¬ 
ship expended in form coiwtructiom Forms with a smooth and even 
Murfiiee are diflicult nnd expeiwive to secure. It is impracticahle, in 
ihit first place, to securit lagging boards dressed to exact thicknai% 
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and in the second p{a(*(‘ ii is irnpraetieiilde tci Hwnrv perfVet ear- 
penier work. Joints eannot la* .u«d prrlVcnly luul n imil tiniit{i*d 

liore and there leavt'S a board Tree (o uarp. If is pruotifally impose 
sible to maintain lhc‘ forms in ptniVef romlifion, hfeaiiM* the water 
in the eomande is absinda'd by the w<Hid in tin* I’oriiis, ejtn%in|? 
swelling* and warpin^^. From this point on tht^ ii^e ot' iiiip«*rfeetly 
sized lum!)erj careless carpentry ami poor niiiiiilenaiire run |^o» 
almost any dea'ina^ of rtniKhmsa in the form wtirk. Onlv approxi, 
matoly smotdh and unmarked eonereft^ stirfares emt hf» seeured In 
plain wooden forms, and lids only willi the \ery be^t kind of form 
eonstruetion. S(» mueli for tlu^ limiliitions of form woik in tiie niiiiter 
of securin,4^ surface linish. Tht‘se liiiiitidknis may bt^ retlneeil in 
various ways. 

Joint marks may be elitninated wholly or |iiirlly by poiiifiiiix the 
joints with (day or mortar, c^r by piiHliin^ strips of pitper or elolli 
over them, or the! wlnde surface of the eaii be piiper tHi*e 

page 204); by the use of oileil paper there will be iitlle tioiilde rrom 
the paper sticking. If the joints belwceii the iiidi\ itliiiil IioiiiJh of 
tin* forms are md (diminafed, flu' c‘oneiefi^ will riiii hot worn ihe 


boards and have an ugly fifi t»n tlie ex|«wi-d wtiifare. Swidlinxr of 
lumber in forms will throw tin* face of the euiicrtde out of |i|iimb. 
The appoanume of corners in Ihe emierete iiiiiy be iiiifiitned by 
bevel strips within tlie ftnins (see piiue 2lfi|. Kiitiliwles in lormH 
sliould l)e properly pluggisl witli ehiy. ForiiiH wliirlt aie iiiijin fiTliy 
eonstructed with difTerent tItiidcnesses of Imiilier iiidi«rriiiib 

nattdy will not product* residtH wliieh me eoiii|iiitilile wiih ordimny 
condilions. drain nntrks and surfiiee iiii|iei1Vclions niii b«* rednn^d 
by oiling the lumher so m t<i III! the pines, nr by tir,»t oiliiiif itmi 
then tilling the coat of oil with liiic siiiid blnwii or cio^t mjiiml Ihii 
boards. (See Art. IB, page 242.) 

The preceding renuirks are, of eintiw, liiiMnl oii tlie 
that as nearly as possible n smooth find eieii sin fuer lliiodi in dr^diial. 
If Homething less tliiin this is stifllrieiif* itiid in tiiiiny eirKe-ii if is, 
form-prcMlnced snrfiiee defects lieemiie iii the ii„ii 

that they do not exce(»d the sfiiiiilitriis of ff»ii||liiie%s liml 
lariiy considered peritiissible by flip etigiiieer; iw ^iiiiiiiii'i'ds 

are individnid with the efifxineer”"-=”wvliiif one eiiiisiilio’% e%rr»<*»ne totmdi- 
ness and irregularity iinother miiy emi^iier iw liiiiply men mul 
Tlie irmpcKdor, of coiirMi*, will lie goveriieil by the eiii|iiierr\ tii:Mlriir« 
ti(»ns in regard to tlie stiiinlitrd of roiiglifiem itlltim’iililr. The 
that the iiwpec.tor shmild keep iti iniiifb Imwerer, ilmi bmond it 
certain state of ev(‘nriess mid regiilnrity fiiriii^priiiiiirni lonfiiri*^ utr 
impra(diciihle to obtain, liecjiiwe to einistnni fiirtiis of the rnnH^nmiry 
perfection to obtain fliem eost« fur more ilmii |t to employ Mperi^il 
supplementary finishing prmHmnm im (ftmerilieil eli^ewfiifr,/ iii 
cliapter. Jn other word^, tlie iiw|wtor miiiiiit be t««i !« tlii 

constriKifion of form work. 


Tf a flnwhed piece of work h tlie bituril iipirlifi Iw 

mther or oraw*,!. Tn t!io tint nm. t!i« ron.-r..!.. w,«Ji i« 

faced witl. vanona materiak. «nch aa hrick. term ate.; 
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ill the scH'oiul c'ase, the surtac'c itself is improved by tooling, rubbing 
or iirushina'. 

Dirt on the Porms.— Surface bhunishes due to dirt or ecuiuait 
adheriu,!!: to tlu* form boards havt' no excuse if tbe contractor cares 
to avcnd tlimn. All dirt or ciauent must be removed from tbe forms 
;just bcd'ort‘ pla<*in,y: tlu^ <*onci’(‘t(x It is a simple matter to ket‘p the 
forms ei(‘an and free from sueb accumulations. All forms bavins 
l)(‘en prcn'iously used should be thoroughly cleamal and prepanal 
before bedm^^ usiul apiin, A soib>d surface^ may be cb'amal by wasbin.y; 
with water aiid a scrubliini^: brush while the concrete is still green. 
If tin* concrete' has se*! too hard for washing, rubbing with a piece 
of wood or lirick will remove the dirt if plenty of water is used (see 
page 2bb). A vc'iy unsightly faee is often produced by leaving the 
mortar on the forms, wliich lias resultc'd by the throwing of eoncreto 
in(<» the forms in the previous day^s work. 

Adhesion of Concrete to Forms.— (’oncrete surfaces are fre((U(‘ntly 
impaired by the adhesion <jf the surface to forms, owing to propc'r 
pro\ ision not la'ing taken to pn'vent it. Many dilTeri'ut nu'lhods are 
employed to previ'ut this adhesiom ns described in Art. 18, page 231)- 

Art. 40. Finishing Concrete Surfa^cw 

Hince the charaetc*r of a concrc'te structure is judgc'd largely by 
the appeiirnnct' of the exterior, the finishing of such surfact's lawomes 
very important. In some st met tires the' appearance is the most 
Important part of its design and cemstruction. 

Treatment of Concrete Surfaces..Thcrt^ are various ways of 

correcting the deA'tds or imperfect ions in exposc'd ^'oncrc'tc sur¬ 
faces, mc'ulioned in Art. 3!l, or of securing a surface of btdt(*r 
appearance than any left by the most perfect forms. Theses will 
next be considered, attentitm being givc'U first to the methods of 
finishing a plain, Himtoth surface, and then to the met hods of finishing 
fliiit si'curi^ a more t»rnametital Hurface. Kxct'pi for tlu' crudesl wtu’k, 
all concrete surfaces should be treated. The fluisliing of a concrete 
surface may at first Hcem a matter of little consecpienee, but it is 
really one of great importance and reijuireH the most careful con- 
siiieration. The mattt*r of exterior finish should be* plainu'd out 
liefore any concrete is poured almve gnule, and will be governc'tl by 
the si74* and clasH «if the Htrueture and tlie style* of archilectnral 
deeoriition, if any. 

Spidftcatious for Surface Finifth.—Bpecificatioim should be par- 
tieuliir and explicit regarding thif character and nicc'iy of tbe surface 
llnwli rfafuire!. If they are m»t, the iiwpcador Khoiild b*arn from Ihe 
engineer the i|iia!ity of work he 1ms in mind and should see that the 
eontrnctor clearly umlerstands the reejuirernentH. 

Careful luipectiou Needed.— Perfect am of surface finish is a 
iriiitter of iitteiitiim and skillful workmanship, and the inspector has 
cliit'fly to wiitcfi the woikmen. This class of work Hlamld be classed 
iiH reifuiriiig Hkilhol labor, but oftt-u it is slighted and reliance 
placed on {daHteriiig the concrete afterward. 
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Classes of Finishes,— Finishes are of two elasses: (1) Those in 
which the moldin.<>: is so done that tlie finisli is a part of the nuddini? 
proe(‘ss; (2) those in vvhi(di the molded surface is treat(‘d after the 
forms are r(*mov(‘d. Faults in finishes of the first class must be pre¬ 
vented during molding* by careful workmanship, for after the concnde 
has once set they can be remedied only by pafciting, which is generally 
very unsatisfactory, or by giving the whole surface one of tlie tinislu's 
belonging in the second class. 

Types of Finish.— “The above two geiu'ral classes of finish for 
concrete may be further divided info thc^ following types or metluxls 
of treafment: 

(1) Plain, spaded, mortar face and troweled finishes. (Art. 41.) 

(2) Introduction of various ingredients into mortar or etuicrete. 
(Art. 42.) 

(3) Removal of snrfaee in various ways. (Art. 43.) 

(4) (ktating snrfaet‘s in various ways. (Art. 44.) 

(5) Other methods of exterior finish. (Art, 45.) 


Art. 41. Plain, Spaded, Mortar and Troweled Pinishies 

Plain Finish,—In some structures, wiiere the appeanuice need 
not he regarded, tlie concrete cati be left jitst as if comics from tlie 
forms, and if sntlicient care has been tiiktm in building tlie form 
work and placing the concrete, a vary satisfactory fbuHli will result, 
(’are must be taken to avoid noticeable voids or stone pockets. Hindi 
tnuitment will result in a sandy finish. 

Dry Surface Finish.— A dry surface finish may be obtained by 
using a fine stone in the aggregate, mixing fairly dry, and m»t spatUng 
the concrete next to the forms. The tlieory of dry ecmerete is that 
the imprints of joints and other form marks are not readily received 
by it. (See page 188.) 

SPABBB raneSH 

Spading the face of the concrete to secure a finish glvm good 
results if the work is carefully tlone, and no wasliing of tliii wall wltli 
grout or plastering should be retpiired. This class of work slioukl be 
classifled as requiring skilled labor, but too oftem it is sligliled and 
reliance placed on plastering llie eoncrede afterward. In the iiutbor^s 
opinion, this metliod is superior to any form of mortar facing. It Is 
easier and cheaper, is equally effeetive, and tlie face does not (dieck or 
crack. A mortar finish does both, in the eourse f»f time, permitting 
seepage and discoloration of the face of the concrete. Ileinforcixl 
walls 20 ft. high have lieen finished in this manner and no otlier 
treatment was needed. 

Preparation of Formi.— The metliod of spading i« applicnble only 
■where forms are used. Necessarily, therefore, imperfections in these 
forms are to be carefully avoided. The Hmootlier tlie forms for tills 
class of work, the better will he the appearance of the work. (Hc»e 
page 381, and also Art. 17.) 

Consistency of Mixture.— Where spading ii faithfully done, an 
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absolutely smooth surraeo is t^eueraliy the result, whether Ihe mix¬ 
ture he dry, medium or very wet. A very wet mixture will reveal 
thi'. exaet naturt^ ol the torms in ^reat tletail, ineluditi^* all <hd’e(*ts 
and taults of surt'uei* ami workmanship. If th(‘ surt'aee linish is of 
importauee, tlu‘ drier mixtures are preferable. In ilui ease of a 
dry !nixtuia\ hc»wt‘V(‘r, spadin*^' rnust bt‘ done with ^^^(‘atesi ean‘ by 
exp<*riene(‘d workmen, in avdvv to .aet uniform r(‘sulls; but with a 
medium (»r very wet mixttu’e it is vtuy easy to obtain i»’aod results. 
With a wet mixtur<‘ spadina; is .iremuidly retpiired otdy m an added 
preeantitju against the possibility td’ voids in thc‘ faee (d’ the work, 
and is really nt*e(‘ssary in ft'w eases. 

Spading Concrete.' Kspc*eial eaia* should be takcui to thorou^ddy 
spade the eonendt^ auainst tin* forms, in order to prxwamt pitting. 
(Inait can* must be takcui to avoid strainin^^ the forms or displaeini.? 
the reiuforein^ roils whih» spaditi^ the eonerete. (See pa^(‘ 21)7.) 
In otiuu' words, be careful not to pry with th(‘ spade, whili* spading, 
a« this is apt ttj spi'iuiv tlie forms. Skilled and exptu’imie.ed workmen 
should be assiirued t<» do ihe spadini.?. 

Tools for Spading Concrete.-- Spading is Ijest done witli a special 
flat hladed .spade, having the hlaih* [Uinehed or perfoniiial with 
several lar^^e holes or slots, which will sertam back the sion(‘H and 
allow the mortar tt» pass and thus cover every stom*. In oilu‘r w’ords, 
tlie tine mattudal will ijuiekly How In behind the Kpad(‘, and a smooth 
Hurfaci' will hi* Heeured. hi narrinv forms, instead of a spade a 
eonimou garilen h(»e may In* useil, with tlu» Idadi* hmit mnirly in Una 
with the hamlli*. For reinforced wm‘k \vhc*rc^ tin* spading must be 
done in a spaet* of 2 or U in., this tool is particularly UH(d’ul. On 
Idgli rtdnforeed walls which muHt be* spadcal from the top, long 
fiumlles an* n‘ijuired. It is wid! to have* tlu'sc* toeds wdb different 
bmgilis of liandlaH, the shorter ones being used near tlu^ tup. 

MOETAE FACE FIOTSH 

Where ii Htirfnee finish of tine texture or of some special cidor or 
eoinpoHiiioii is desired, tlie concrcdc* is often faced with a coat of 
nmrliir, or, Koiiiidifiie'*^, neat cement paste or grmit. This facing td’ten 
reeeivcH a future Hpeciiil tinisli its described in Hucceialing paragrnplm, 
but it in more u^imlly used us hdd by tin* forms, or, at best, with only a 
troiveling or bniHbing with gront (see page 4t)(J). Mortar facing is 
not an vu^y jub und reiiuires workmen well experimieml in this 
cliws of work. The eontracdor rnuHt md eontiniuilly change the facing 
hands who are skilled in this class of work. The unifoimiity (jf llm 
fippeiiriiiiee of coiiei'id«* work m desirable, and is d(‘pendent largely 
upon tliis eliiHs of lalmr. 

All liiortitr fm* face work Hlumld be matle by band or a rt^gular 
mortar mixer, 

Mttliods of OMtiniiif Mortar Face Finigh,-”If a mortar (or a 
griinolitiiie) fiiUHli be specified, it may be* obtaiuml liy placing tlie 
fiieiiir iiiortiir and coneiide lacking at the same time and tamping 
them together. The certainty of a bond in in this manner tiBHurtid, 
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The faein| 2 : material may he applied to ihe fornii=5 jn.st ahead 
the backinj^, which is plac(‘d ai^mitist and rammed into it. Moldit 
cornices and other ornaments reciuirinji: mortar face sliould !)(‘ fora 
by spreadinji: plastic mortar npoii the interior of’ fiiudy ccmstruc 
molds just as the ecmcrete is heiuiij: laid. (See Art. frl.) T 
process requires constant watchin.ir to B(‘e that the plaster Ciuit d 
not slouj>:h or peel off before it is backed up with tin* c(mcr<de. 

Another way to obtain a mortar finish is to plaee a loose* bo^ 
a^T^ainst the forms and tamp tlie concrete behind the hoard, 1 
board is then removed and mortar run into the space that it oecupi 
This method is only applicabh^ to comparatively dry eoucrtde lau'ki 

A modification of tlm above method eonsislH in pusbinij the c 
Crete back from the form and pouriu^^ tin* space full of ^n’out. 1 
concrete is placed and tamped in tb to 8»in. layers, then a etuuri 
l^ardcmerspade is shov(‘tl down ia^wt^eu the eoncn‘!t* and tlie fti 
and the concrete pulled baek about an imdi and the optmiui^ pou 
full of grout and the spadt^ witlulrawn. If this work is ciir<*fti 
done there will be very few stones showing when tlie forniH , 
removc'd. 

Still another method of ol)taining a fimcKdh surface m (o mt 
very wet concrete and throw it violently against the ftuuu, so tl 
the aggregates r(*I)ouud, halving in <dTeci a mortar facing. This 
however, not to he reeommcuuled for liim work, ii« the foriim are i 
to he indemted and the alignment impairedi but ordinarily t 
method is effective. 

A fifth method of using gramdlthic plates or metal facing for 
will he deHcrih(*d later. 

Tamping Mortar Face and Concrete Backing.—The mortar 
granolithic) finish sliotdd ho maintained htdween the lamcrtdi^ a 
ihe face form in a tliickm^ss of about I inch. The inspeettn*, 
course, will he governed by the thickness given in tin* speciflcatlci 
or in the ahscuce of such information he will Ik» gcweimed liy 1 
enginacw^s chadHion in the matter, provided a mortar fiicing I 
been specified, (hire must he taken that tlie cimcrele h rnniminl ii 
and parf<‘ctly united with tlie mortar facing. The tumping or ra 
ming, however, must not he bo hard as to force pieces of 
through the facing, hut just hard enough to bond ilioroiiglily 1 
facing and hacking. The facing should show a smooth, cictwe Miirfi 
without pits or irregularitiw. This is most likely to bci secured 
thorougli and systematic ramming. 

Use of GranolitMc Plates or Metal Padag Foms.—PmiHibly i 
best method of placing tlie facing material couhihIh of whiit nii| 
be called a metal facing form or mold, constructed iiml tistid 
follows: 

The metal facing form or mold for placing the facing mater 
on vertical surfaces generally consists of nltort lerigtlw of iron pin 
8 or 10 in. wide and about tl ft, hmg, with three angle irons riv-ei 
to each plate, the size of the angle dc*pending upon tlie thickness 
the facing material specified (see Fig. 20). Tlie metal facing foi 
however, may be any convenient width and length, dtiMauliiig on t 
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natuiv luul size el* the work. An an|»‘lo is plaeed at the eenler iuul 
one about (i in. rroin eaeh end of the i)late, one edj^-e of whicdi is 
provided with imiulles and sligldi> Hared to assist in depositing' the 
niattu'ial. 

The inelal laeing forni is plaeed against the wall form with the 
lnimll(‘s up and the angles light against the form. The spae(‘ 
between it and tin* ha(*k of the wall is then lilhal with ordinary 
eonerete haeking of tlu‘ spcTitied proporlions and the spaee between 
the mtdal form and the fne(‘ form filled with facdng material or 
mixtun\ »Sc*\‘(‘ral of Ihc'se nadal forms may b(‘ ns(‘d in linoj with 
their ends lapping, atul smalh'r I(‘ngths used to till out a given 
length of wall foi'm. Home ilillleulty may lx* exptu’ienetal in earryiiig 
up II long line of tins kind of eonereting, (‘specially at ecnmers and 
at the jnnetion of two plates. II eannot be worked wcdl m a narrow 
Hpaee. 

Tiie fat'ing mortar sljonld b(» k(‘pt slightly liigber tlian tlie 
baeking, to prc'vent the biieking from rimnitig forward and dis- 
flgnrin?/ the front snrtuei*. (‘an* must be taken that lh(‘ melnl facdng 
f(»rm is not pmanitti'd to nnuain until initial s(‘t takes phuHU lint 
bt‘ fnMjuently Jai'red and raiscsl at short intervals lo prevtmi the* 
Anarintitui <»r shuts and H*»ams and air spaet's h(‘tw(‘<‘n mortar an<l 
tlte eoneretn. A trowed slamld be workc'd rapidly along the form, 



to remove air lmbtd(‘». The author has found that if extreme' eare 
is not taken the steel plate' will drag, leaving an unreasonably 
large spare btdween tlie (nmerete and the mortar faring; and if 
the rammers are not pnrtieularly earefill there will be no Imnd 

between I lie two and tlie mortar findng will flake otT. Perfect 

sueeeHs is secured only at the expense of gri'iii care. The facing 
mortar hIiouIiI he iiiix«*d wet and in small hatedu's. Pare must bc' 
taken to keep the fi»rms perfecdly clean, or discoloration will bt^ 
the incvitahle result, A mortar facing shows tlu^ irnprc'ss of small 
roughness on the fonn more rc'adily than do(‘H concrete*, and piir- 
tictilfir care is ricccMsary to secure a smooth surface on the form 

when a niortar facing is adopted. Kv(‘n th<^ grain of HnuuitUly 

dressed wood is deiiiiy impressed on the plastic mat (‘rial. 

Froportloni for Mortar Faciag.-'-The facing mixtun' Hhould not 
be Ilf fiio rich proportions, in ordc'r that surfin'c cracks may be 
avoided. As to the richnesH of the mortar facing, two parln sand by 
mmMum to one volwmo of laickocl cement m usually HuOieieut, though 
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a more glossy finish may he made, if desired, by using equal parts 
of cement and sand. Good results, however, may be obtained with 
mortar composed of one part of cement to three parts of sand or 
screenings. The author does not recommend mortar richer tlian a 
1:2 mixture. It is better to avoid too great a variation between 
the richness of the mortar used for facing and that used in the body 
of the concrete. Too rich a mixture, or a surface mixture richer 
than the body concrete will cause hair cracks. 

Crushed marble screenings may be used if obtainable. These 
screenings or sand must not be too fine and should not exceed % inch. 
Limestone, granite or other stone screenings, different colored gravels, 
and sand may be substituted for the marble chips. (See Art. 8.) 

Proportions for Grranolithic Finish.—Granolithic is a facing or 
surfacing mortar composed of crushed granite and cement. A grano¬ 
lithic finish is more frequently used for foot walks and other places 
where resistance to wear is required, but may be used to surface 
walls, to line reservoirs, etc. (See Arts. 51 to 53.) If a granolithic 
finish or surface is specified it may be made by placing against the 
face forms in advance of the body concrete—or, in ease of horizontal 
surfaces, on top of the concrete base—a fine granolithic or facing 
concrete composed of one (1) part of Portland cement, one and 
one-half ( 1 ^ 2 ) parts of coarse sand, and two and one-half ( 2 y 2 ) 
parts of pebbles or crushed granite, or other approved stone as may 
be selected, screened to pass %-in. and be retained on i/^-in. screen, 
thoroughly mixed and soft enough for full fiushing. The granite is 
sometimes specified to contain no particles larger than % to 1 in., 
and about one and one-half to two parts are to be used to one 
volume of Portland cement. Where both fine and coarse aggregates 
are used in the mixture for the facing material, a 1:1 ^/4:3, or 1:2:3, 
or even a 1:2:4 concrete, with Portland cement, sand or stone 
screenings and crushed or screened gravel, may be used. 

Thickness of Mortar Finish.—The thickness of mortar facing 
employed in practice varies from % in. to 3 in., but the usual prac¬ 
tice is to make it 1 in. to IV 2 thick. There is more danger, 
perhaps, of making the mortar facing too thick than too thin, thereby 
using too much cement. 

Thickness of Grranolithic Finish.—Granolithic finish when applied 
to a concrete base should be laid at the same time as the concrete 
and should not be less than ^2 thick for floors, 1 in. for sidewalks, 
and 2 in. for concrete pavements. In this connection, see Arts. 51 
to 53. Do not attempt to put a top coat less than 2 in. thick on a 
set concrete base, and even then be prepared to see unsightly cracks 
on the surface. 

Consistency of Mortar Facing.—The mortar facing for vertical 
surfaces should be mixed rather wet, since it must completely fill the 
metal facing mold; but care must be taken not to have it too thin, 
or the stones from the concrete behind will be pushed through it 
during the subsequent filling and ramming. The facing mortar must 
be carefully mixed. Also, since the facing cannot proceed faster than 
the backing, the mortar has to be mixed in small batches, so that it 
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is always IVisIl ?n<Hlar raciiar or liiiisli on an (‘xpostal horizontal or 
iHNirly liorizonlal Mirhua* should ht' niixiul lo a }das(ir ronsisUniry 
and sfiould {»ul on nnnualiatcly ariri’ tli(‘ (-niK'rolt' is dt'ptJsiUal, 
<au’t‘ lH‘in.‘^‘ (ak(‘n that tin* siirraca^ oT tlu‘ ('onaroto is ('ham. 

Dry Concrete Facing Mortar.- Tlit‘ ordinary facdng tnixturo of 
inoiiar or (n'liaait ns dc^scrilaal above is so (uu‘-ji,Taiiu‘(l and plasiii* 
tliaf it r(‘adily takt's iiu‘ inipn'ss of ev(n*y irr(\i>:ulariiy in the roriu 
work. Wlun'o a particndarly ixood finish is dc^siiHah this tnakc's ikuh's- 
sary sul»s(‘([iu‘nt finishing tnnitnunils. To avoid th(‘S(% subsecpumt 
tiH^afrnents and af the sanu^ tinio to rcaliua^ ihcj f’orm nnirks, a niixfnrt' 
('onsisting of I part Port land (*t‘nu*nt, 3 parts (im^ linu'sloiu^ sc'rcamings, 
and 3 parts ('nislnal linH'sfoin^ lias proved most saf is factory. 

Tiuxse malc*rialH slionid be mixed (piite dry, so that no mortar will 
flush fo the surface when ramnu'd hard. The flnmry of dry concrete 
facing is that flu* imprints of joints and ofhcu* form marks art* not 
nnidily n*<'tdved by it. lii fact, with rnodtu'att'Iy good form work the 
imprint of the jtdnts is hardly notict*abh‘, and grain marks do not 
show at all. For fliin builditig walls thc^ abovHi mixfure may be uHC‘d 
fhrom'hout flu^ wall, Imt for more massivt^ sfrindures it should be 
used only for the facing and placu'd in the same manner us that 
descritaal above for ordinary mortar fac.ing. 

Colored Facing Mortar.—A eolonal facing morlar may be obtaimnl 
!»y tiHiiiy, a snitabh' colored aggn^gatt^ or liy mixing eoloring matt(*r 
{mineral pigment) in flie mortar. The first is Ihe ladfer, sinet^ it 
gives a durable color and do(*H not injures (‘illier flu* slrmiglb or 
durability of tlic» mortar facing. Infroduction of various ingiHslientH 
into mortar or (*oncrete is discusHcd v(‘ry I'ully in Art. 42. 

SPADED AND TBOWEDBD FINISH 

The scope of Ibis rntdliocl is limited to inHtnmu'H wlnu’c* Ibt^ forms 
may be ijultdily rermntnl, or removed in Hcudions. 3’be (*dg(‘s of 
copings, etc., can be round(*d fiy cslging tools such as are UH<‘d for 
fitithiiing concrete sidewalks (see Art. fd). 

Spading and Troweling,— 'fbe coarsen aggregate* Hlumhl be w(‘ll 
pushed back from the face of the form to allow the mortar to (lush 
to the surface in a manner Himilar to tiiat described for a spadiMl 
litiiHli, on page 3B4. Tiie forms must la^ stripped while the concrete 
is still gnani enoiiglt to he worked with a trowad. Tlu' Htirfnct^ Kliould 
he troweled liarcl and smooth; Imt excessive^ troweding Is r!k<‘ly to 
eaiwe innumerable hair cnodcs iu the tluisUed surface. In I his 
conuectiou, see pages 424, 4H4 ami 4H(L 

WBTTIN0 OP POEMS AND MAKING GOOD DBFBOTS IN EUErACB 

FINISH 

Watting of Forms.—Forms must be propiudy treatcul eitlu'r for a 
spaded or a mortar face IlniMlt. Fouercte or mortar will adhere very 
strongly to forum If no spceiii! provision be taken to prevent it. 
Many ditTereiit uietliodH are employed to prevent thin adhesion, m 
are iiii»crihed in Art, IB, page 239. 
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Making Good Defects in Surface Finish. —'With all the means 
used to cover up the irregularities in forms and make the surface 
smooth, there will still be some roughness not commercially avoidable. 
Some treatment of the surface after the removal of the forms is 
generally necessary. Noticeable voids, or stone pockets, should be 
filled with mortar mixed in the same proportions as the mortar in 
the concrete. Mortar for patching irregularities and pockets in 
concrete work must contain the same proportions of cement and 
sand as the concrete, or it will set a different color. Corners may 
break off in removing the forms. These should also be plastered 
(see page 341). A patchy surface may show that a bad batch of 
concrete was used, or that the concrete has been mistreated during 
setting. It has been found, however, that patches appear even 
where care has been taken to use the same cement and a uniform 
mixture. For methods of patching and repairing defective concrete 
surfaces, see Art. 30, page 338. 

Art. 42. Introduction of Various Ingredients into Mortar or 

Concrete 

DIFFERENT SIZED AND COLORED AGGREGATES 

If a permanent colored concrete surface be desired, it may be 
obtained by properly finishing a surface faced with a mixture com¬ 
posed of Portland cement and an aggregate of the proper size and 
color. The surface must be scrubbed, sand-blasted, or otherwise 
treated so as to expose these aggregates. Obviously, if special effects 
are desired with this course of treatment the concrete must be 
deposited with exceptional care. (See Art. 43, page 397.) 

Selection of Colored Aggregates. —The colors obtained by the 
selection of colored aggregates are perhaps the most agreeable and 
are doubtless more durable than those obtained from artificial coloring 
matter. By varying the kind, size and proportions of the aggregates, 
surface finishes of practically any desired color and texture can be 
obtained, the possibilities being limited only by the number of different 
aggregates available and the combinations of same. Pebbles, burnt 
clay, or broken brick, white marble chips, blue trap rock, other 
colored marbles, etc., together with the gray matrix of the cement 
mortar, can be combined to give almost any desired combination of 
colors and surface effects, thus giving an animated texture to the 
otherwise leaden and lifeless material. Powdered glass, marble, fiint, 
alabaster, and metal filings can be effectively employed for coloring 
concrete surfaces by mixing with the cement used for the surface 
coat. A great variety of finishes may be produced by using gray 
trap rock, red and black granite and limestone screenings, black and 
white marble chips, different colored pebbles, yellow sand, brick 
dust, etc. The range of color in the aggregate is limited to the colors 
found in natural stone or other substances. 

Using Silicates as Coloring Agents. —There are a number of 
colored aggregates in the various colors of silica sand. These are a 



INTUOnrt'TlON OF VARIOUS INaRFDIFNTS 


391 


Hint or <iuartZ”likt‘ sand or rtx'k, usually I'annctl by iiin)in‘it*us in 
silicic acid, <>r siU‘x, as il is round in nature*, vvhudi constHint, 
({uartz and most of tin* sands and sandstones. Red, brown, yi‘llow, 
oran,u(‘, purple and piidv sands, all liiu‘ly <>’roun<l, have bet‘n (‘mployial 
for cedoriie^' ceunt'nt surfa(*(‘s, but if too lim* or in lar^a* (piantities 
tlu’V wtudurn tlit‘ surfaen*; and if coars<‘-<»'raine<l tlu‘y possess little* 
colorinii: (‘Heed, be'cause* the particle's are* liable* ie) she)W sin.u’lv, causiiuj:: 
a spe)tty appe'aranea*, or the* ce*me*nt entii’(*Iy ce)ve‘rs the surface* e)f 
(‘ach partie*le* of sand. Whe-n [)re)perly iise*d, lunveve'r, the*se* ce)loreel 
sanels lorm a most. c‘xce*lleid. means ()1‘ ce)h)rin^ ce)ncre*te‘ ie) alme)st any 
sliaele^ d(*.sirt*d. 

Use of Ordinary Portland Cement and Aggregates.— Varie)us 
shade's and ee)le)rs can be* obtainc'd by the use* e>f elilTere'ut cements; 
fen* in.Htam*e», a blue* e*e‘ment used in (»e)nnectie)n witli li^ht“Cole)reel 
saml will produce a li.irbt blue surfac'o. One* point e)ften e)ve*rloe)ked 
by the* ave*rnii:e* vve>rke*r is the* fact that eu'elinary Oortlanel cemeuit 
varie*s from a li’^ht te» a elark ‘jcray ce)le)r; vvh(*n emple)yi!i,i!: this with 
any ed‘ tlie li,*^!d“Ce)len‘e*el sanels, as ye*lle)W, orani^’e*, pink, anel even 
purple*, it eli*munds a lari»:e artiount of the ce)Ie>red sand ie) pre)eluc(* 
tin* tint de*sire*d. 

Use of White Cement and Aggregates. ” If white e‘e‘me*nt is 
emple>yi*d, the* e^oleirim^ auent is not handicapped by the ce)lor of 
the cH*me‘nt as me*nlione*d al)ove'; thus a pure*r anel menv satisfactory 
tint may be se*cure‘el with less of the* mate*riaL This pe»rmils while 
satiel e)r any sane! e>f a netdral col(»r te) be* mixt*d with the silie'a 
sanel and tlie wliitt* cem(‘nt, ami yt*t prenluce* a pure* shaelc e)f the* 
de*Hireal hue* with a le*ss prtfporliein of the* colorinj^ mal(*rial. A 
mixture^ e»f more* than 1 shoidd not he* use»d nnle*sH it is ahsoluie*ly 
nece*ssiiry in oyde*r to He*cur(‘. the elesired sliade. (See* pa^e 488.) 

A white* eamerete* surface* may be* ol)taine*d by mixitig one* (1) pari 
widte* Portland ct*me*nt will* two ( 2 ) or thrc*e (2) parts ce)ars(* wdiife* 
saml or marble se*ree*nin,vH and applying the mixtures as a flniHhinj.r 
coat or mortar facini^ (sen* page 285). After the coating or mortar 
facing has Hid liarel it shoidel be waH}H*el oft with dibite Hulphnric 
aide!, I part acid to 5 piirts water (He*e page 401). The aeid solution 
slmnle! lie applied by painting on witli a brush two or three sue- 
ressive emiits and tlie surface* thc*n washed witli ple‘nly of el<*an water. 
White pebbles of varioim sizes can also be* ernploy<*d, and tin* 
aggri'gate may be* anything fn»m tba size of coarse sand to that of 
plee*e*s an inedi or nnu’e* In eliame*ter. Wliite sand or marble* dust 
nsinl in making e*oncre*fe* give*.H the flnislied W'ork a lighie‘r <‘olor 
than is «»bfaine«l by n.Hin*r ordinary Hanel. 

oomnma matteb 

Mineral eoloring niatfe*r mixe*(I in mortar is Honn*lime*H ns(»(I to 
give 11 uniform e*olor to cmnerete snrfae*e*s, e*spe*cially wbe*n‘ a pc‘ 1 - 
mammi eolf»re*d snrfact* is not elesire»d. In fae*l, it is not nlmedute'ly 
permanent and will grow lighten in color or tint aftt‘r ye*arH of 
exposnrex It is mncli easier to prodnen* eohir c‘lT(*ctH by employment 
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of stneeo than by endeavoring to produce colored cement or some 
coloring* compound in the mortar of the mass concrete work. If 
used in the entire body there is a waste of material in that which 
is not exposed^ and it is difficult to get uniformity by any other 
means, unless it is a case where plastering is permissible. Strength 
is gained and expense saved by using the colored cement for the 
surface coating only, not exceeding 1 in. in depth with the colored 
mortar used. Either for facing mortar or mass work, however, 
coloring materials have been successfully employed, the dry mineral 
color being added to the Portland cement before mixing. 

Colors are often used in mortars to effect contrasts or to subdue 
the glaring tone of cement in sidewalks or in similar situations. 
Physicians have claimed that the great prevalence of ophthalmia and 
other forms of weak eyes is frequently clue to the blinding glare from 
cement paved walks and limestone paved roads. At any rate, it is 
well known that uncolored pavements are very taxing on the eyes 
during bright, clear weather. A little lampblack can be used to 
advantage in ordinary concrete to relieve the dirty color of the 
concrete by giving a much more pleasing and uniform color than 
can ever be obtained with straight cement. It is commonly employed 
in cement sidewalks, changing the color of cement to gray, or slate 
(see page 488). 

Coloring matter may be added to the cement to produce imitation 
building stones of red, terra cotta, brown, or slate colors. The 
effects in the red and brown sandstones are imitated so perfectly 
that it requires close inspection to detect the artificial from tlie 
natui'al stone. The artificial stone, however, is more durable and 
stronger than the natural stone. Experiments should be made with 
the various sands and cement to be obtained, so as to know what 
colors of stone can be produced without the addition of coloring 
matter as mentioned at the beginning of this article. 

Selection of Coloring Matter.—Coloring matter should be used 
with caution, as its effect on the cement has not yet been very 
definitely determined. There is a danger of the setting properties 
of the cement being injured. In other words, coloring matter should 
be used sparingly, as much of it is detrimental to the setting of the 
cement. Care must therefore be taken in the selection of the coloring 
matter. The quantity and quality of the coloring matter must be 
such as not to impair the strength of the concrete. Certain pigments 
are known to be injurious; for instance, red lead, the pigment of the 
paints used for coating ironwork, is, even in minute percentages, 
decidedly bad for concrete. 

The coloring matter must not contain acids, and must have no 
effect upon the alkalis of the cement. Coloring matter containing 
acids will attack the alkaline substances in cement and destroy it. 
Vegetable colors should never be mixed with cement. Vegetable or 
oil colors destroy or impair the strength of the cement. In other 
words, don’t use artificial coloring matter containing oils, grease 
or acids. Only those coloring materials should be- employed which 
consist of the oxides of the various elements, since the salts are 
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liable to disintegrate. Dry mineral colors seem to be the only ones 
that ciui be ustnl, as appiirenily all Ihiuid colorin.iv matter destroys 
the cement, ami even sonu‘ ot* these are injurious to the action of the 
cement. They arc‘ tlu' safest to use, however, as they affect cement 
tlu‘ least, altioju.u’h, with the exception of ultramarine, which con¬ 
tains much silica, all colorini^ materials reduce the strenj^th and 
durability of cmnent mortar to a ^n'eatcr or less de^ejree. Ultramarine 
in small (piantities seems to streui»:tlien the mortar slightly. Other 
coloring mati<‘r should he used in moderate (piantities. 

Almost any eolor may be produeed hy mixing the right mineral 
coloring matter witii tlie mortar facing or the concrete body. Most sub- 
stanees, howcnan-, are bleat'hed by the C(unent and are of shoit life. 
Bright e(dorH are diflleulfc to obtain and would not be in kec'ping 
with a tnasonry structure, (except in architectures. The following 
colors have betm used without any apparent injurious etieet upon 
th(» cement: Lampblack (honeblack), I*russian blu<‘, ultrnmarino blue, 
yellow ocliro, burnt umber, and red iron ore. The iron oxides an<l 
oehres are uhch! for all slmdes, ranging from yellow to red and 
brown; manganese dioxide and lampblack for grays, slat(‘s and blacks; 
and ultramarines for the grcHUis and bhu‘s. Manganese dioxide is 
lad ter f<»r H!fit(*H and blacks tlian lampbbu'k, as the oil in the latter 
affecds tlic‘ Htrengtli of the mortar. Soriu^ of the red oxides range 
in color from scarlet or Turkey red, gradually deepening to chocolate. 
Hotm* oxidcH contain lla per cent of pure iVrric oxide, which is made 
from <*oppcra«, or, scientifically spiaiking, subdiate of iron. This is a 
by-product and in frcMpiently c*vo1vcm1 from waste acid Fuiuors at 
tinplate worka. This kind of oxi(h‘ is far moix* suitable for coloring 
eoncrede than ochrcH and most of the eurtliy oxide's. 

Kart by ladors, like Vemdinn rtal and umb(*r, soon facUj and have a 
sickly appearance, (’omnnai lampblack and Venetian red should not 
be UHetl, an they are liable to run and fade. Bed lead is injurious, 
even in wo Biiiall tfuantitieH as 1 per cent, and greater amounts should 
n«n‘er b(< uHed, The autluu* does not retHimmend the use of red lead 
at all, fiH it weakiaw tlie mortar. 

(lermantciwn latiifjbliick is more frequently used than any other 
coloring matter, and gives a bluish gray or stone color of intensity 
varying with tlie iimount used. In fact, it is a good matc'rial to uso 
on account of the small quantity it is neci'SHiiry to use to secure a 
good color. It is of the utmost importance that lampblack for 
concrete work lie practically free from oil, btamuse a grt'asy lamp¬ 
black m very bard to mix in a watery compound. 

Sometimes ii very white surface is deKin^d. White cannot be 
produced hy laidlng ii coloring matter. A white cement should be 
used iiH mentioned on page 1191. 

All cadoriitg materials sfiould be the best to be obtained and 
should be u«tH| ciirefully, jttst etiough being used to give the dt'sired 
uliiide. It m good practice to use the colors that are now manufac¬ 
tured for this piirtieuliir purfawe from a base of iron pigment. Tliese 
colors may he purchased in the optm market. They are backed by 
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reputable manufacturers, from whom directions for their use may be 
obtained. 

Use of Hydrated Lime. —^Hydrated lime when added to Portland 
cement makes the color of the finished product lighter. When work 
is well done and well finished the color should be a light gray. By 
the addition of about 10 per cent hme the color is lightened several 
shades, and this addition is particularly useful in overcoming any 
darkening color in the sand. (See pages 391, 428 and 522.) 

Samples of Colored Mortar. —Sample specimens containing dif¬ 
ferent proportions of the specified coloring matter and of Portland 
cement should be made and allowed to become quite dry before being 
submitted to the engineer for appi’oval. It will be the duty of the 
inspector to see that these samples are properly prepared. In any 
large work where the use of coloring matter is desirable and there 
is not time to properly prepare samples or to institute thorough 
tests, the advice of a cement chemist should be sought. Samples of 
colored mortar will go a long way by indicating just what colors 
may be used without detriment to the work. It is cheaper to prepare 
samples of colored facing mortar beforehand than to cut out work 
already done. 

Proportioning Coloring Matter. —The following list indicates in 
general the effect of the most common coloring materials on cement 
mortar, the amounts named being added to a bag of Portland cement 
containing about 95 lbs. The proportions given should vary according 
to circumstances, different materials giving different colors. The 
precise shade obtained in any case will of course depend also on 
the color of the cement and the color of the sand. 

Quantity 
per sack of 

Color Desired. Ingredients Used. Cement. 


Black . 

Black . 

Blue . 

Brown. 

Brown. 

Brown. 

Buff . 

Gray . 

Green . 

Green, Light... 

Pink . 

Purple . 

Red. 

Red, Bright.... 
Red, Sandstone 

Violet . 

Yellow . 

White . 


.Rxcolsior Carbon Black. 2 

.Manganese Dioxide.12 

.riltramarine Blue. 4 

.Burnt Umber . 4 

.Brown Ochre... . 4 

Boasted Iron Oxide. 0 

.Yellow Oebre.. 8 

.Germantown Lampblack. Vj 


.Ultramarine Green. 5 

Prussian Bhie.% 

.Venetian 4 

Princess Metallic. 5 

.Raw Iron Oxide. 5 

.T‘ompciian or English Red. 5 

.Purple Iron Oxide. C 

.Violet Iron Oxide. D 

.Yellow Ochre... 5 

.Lime, White Sand and Marble, also a 
mixture of Lead and Zinc Salts with 
Calc Spar will give very light sur¬ 
faces . 


lbs. 

lbs. 

to 5 lbs. 
lbs. 

to 6 lbs. 
lbs. 

to 4 lbs. 
lb. 

to 6 lbs. 
lb. 

to 10 lbs. 
to 6 lbs. 
lbs. 

to 6 lbs. 
to 10 lbs. 


It will be seen that any desired color may be obtained by varying 
the proportion of mineral' coloring matter. The dry mineral colors. 


mixed in proportions of 1 to 10 
approaching the color used. Th 
the cement depends upon the st 
stronger than others. Five 
impart a close resemblance 



er cent of the cement, give shades 
tity of oxide to be added to 
iO:^the oxide. Some are much 
strong oxide will generally 
olor to the concrete, but a 
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weak oxido will miuire from 10 to 15 per cent, and even 20 per cent, 
to obtain tlie same eolor. 

rsually any eolorini? matter lessens the strenj^'th of the mortar 
and causes the surface to Hake, and thercfoi'e no more should be 
used than is ahsoluttdy necessary, especially of the ochres. 8ome- 
tim(‘s, however, this loss of stren^dh in the mortar is not very 
important, since the colorinix matter is used only in th(‘ mortar 
facini;:, tu’ surface coat, ritramarine is an exception to this rule, 
since a small {plantity increases the strenp’th of the mortar, and 
30 to 40 per emit may lie used without materially decreasiu|;>* the 
strenirth. In fact, ultramarine is onc^ of the best coloriu^i: matcudals, 
as it does not alTact the Htren|»:tli of the (Hmumt, providml it is not 
used in exc(*Hsive {juantith's. (lermantown lampbhu'k Ls also ^ood 
on a{a*{)unt of the small quantity necessary to |i:ive a ^ood color. 
Four pounds per cubic yard of sand pivea a fairly satisfactory 
result, although twice as much is frcHpicntly recommended for side¬ 
walks. It is unwise to use more than this amount. OtluT coloring 
matter should ho UH(*d in moderate (piantities. Do not use arlijidal 
eoU^rlntj in excenHive quantities. 

It is a safe plan to try varitms proportions of color and cement 
and unui^e small paiis, and when sed and dry Hel{‘ct tlmst^ mosi suit¬ 
able f{»r the {h^sirml purpose. The coh>r of liardmuHl mortar is 
quite dilT{»rent in appearance from one that is still wet, so that 
wh{‘re it is important to secure the correct, tints, prediminary trials 
must he madi* until the proportions (hwired have Ikhui det(‘rmined. 

Mixing Colored Facing Mortar.*—The c(dorinir mat {‘rial shouhl he 
nnaiHiireil v<*ry enndnlly ho as to iret ev{‘ry hatch {if mortar {)r 
concridi' of the sanu* shade. Variations in character of c{um*ni and 
saml will affect (lu^ result (ddnined in usini^ cokirinp; matter. Sand 
for the eolotaal fneiniy mortar must be perfeetly {Iry, and the cemumt 
and th{‘ (»(dorinir mattfu* should he mixeal dry lie fore the wui{*r is 
added. With the admixturi* of <*olorinir matter (pigments), unless 
extremely thorouirh mixinir is dcum, there will bc‘ a variation in the 
eol{»r of the nairtar. Tlie gr{*at difllcully, lunvHwer, is the variation 
in e{d(»r hid ween the different hatclu’s, due to a sliixht erna* in pni- 
portioninir, the vuriatkm in the {piality {)f the coloriim: mat ten*, or the 
treatmersi {lurinir settini^ and hardenini?. Cement settinir in a hot 
dry phu*e will have a li|^htc‘r shade than that settinij: slowly in a cool 
damp place, cvem if all otlier conditions of manufacture are identical. 
(H{^i pa|?i» 4B7.) 

The colorinf^* matter is mixed in various ways. In concrete walks 
it is sciimdimes sprinkhal on tin* top and trow{4c‘d int{) the surfaec^ 
(«{‘e pii^e 4H8). This <loes not g-ive an even C{)h)r, nor {loes it last as 
well as when iliorcmirhly ineorporat{‘d with the sand and cement. 
It is sometimi^H iidd<‘<i ia the stind and thorou^ddy mix(*d dry, them 
the cement, ami finally th{‘ water arcj adde{l. The la^st medhod is to 
mix the colorim^ maittn* with the* {*{*m{‘nt tlry, liefore any sand or 
water are mldeel. This mixing sliouhl he thoroudi, so that tlie mix¬ 
ture is uniform in cador. In rnixiu!: tlie ecdendni^ mat ten* and eement, 
the greatest care and exaeiitud© are essential If improperly mixed 
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the surfaces are apt to be spotty. The mixing is generally done by 
hand, but better results are obtained by the use of a grinding 
machine. After this mixing the combination is treated in the same 
way as clear cement, the sand being added and the whole thoroughly 
mixed dry; and if broken stone or gravel is to be used it should be 
incorporated in the mixture dry, the whole mixed until of a uniform 
color, and water then added gradually, the mixing being continued 
until the proper consistency is obtained (see Art. 15). 

Lampblack is light, dry stub:, and it is difficult to get it thoroughly 
incorporated with the mortar. Some contractors add it to the cement 
and mix the two by passing them through a sieve; but the more 
general practice seems to be to mix the lampblack with the dry 
sand by turning once or twice, and then to sprinkle the mass and 
bank it up and allow it to stand at least over night, when the coloring 
matter will be uniformly distributed throughout the mass. The 
lampblack and sand can stand any length of time before being 
mixed with the eement. 

In the use of coloring matter it is well to remember that the 
shade will always be lighter in the cured work than when freshly 
mixed, so due allowance must be made, when mixing, for this change. 
In other words, the colors will bleach considerably on drying out. 
It is therefore advisable to experiment a little to find how much 
color is needed to give the desired shade. This may be done by 
preparing sample specimens containing different proportions of the 
coloring matter and of Portland cement and allowing them to become 
quite dry before observation. 

Directions for using coloring matter may generally be had of the 
makers. The inspector must carefully follow these printed directions. 

Test for Strength of Lampblacks. —Quite often the inspector may 
be called upon to test the strength of lampblacks to be used. The 
following simple method may be employed: Weigh out an exact 
quantity of white lead in oil and an exact quantity of the lampblack 
which is to be tested. Then mix them together very thoroughly on 
glass, rubbing them up so as to get a complete mixture. Then do 
the same thing with the lampblack with which you wish to make 
the comparison, and by putting them side by side you can see which 
has the most coloring strength, because the strongest will show the 
blackest result. 

Test for Purity of Lampblacks.—A simple method of testing the 
purity of lampblacks and detecting not only adulterations but sub¬ 
stitutes may be made as follows: 

Use only a very small quantity of lampblack, no more than can 
be lifted on the point of a penknife. A larger quantity will make a 
less effective test. Put this into a small bottle about two-thirds full 
of kerosene or benzine, and shake it violently in the hand for two 
or three minutes. Then hold it up to a strong light and examine it 
closely. This will show whether it is pure lampblack or adulterated 
lampblack or one of the numerous rank substitutes made of char- 
coaL ground coal, etc. If it is pure lampblack it will be diffused 
completely through the liquid and the particles will be almost invis- 
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ible because they are so fine and ii'i- perfect suspension. They 

will remain in suspension without a-iny appreciable setiliiii^ for two 
or three hours. If it is adulterated l<inipblack the color will be less 
intense and coarse particles can easily detected in the liqiiid. 

These particles will also settle to tlie ])otioin in a short time. If 
it is a substitute the color will be vci'y much poorer still, and it will 
practically all settle to the bottom very ([uickly. 

Art. 43. Removal of Surfaoe in Various Ways 

If made right, the concrete sxT.i*race will have a skin of neat 
cement. It is generally desirable ±‘or^ ai>pc‘arance sake io remove 
this, and there are several ways to <!<> it, (lepending upon the length 
of time that the concrete has set, I>c:fore it can bo made accossiblo 
for treatment. The time that elapses from the placing of the con¬ 
crete until the surface can be exposed depends upon tlie kind of 
concrete and the nature of the pai*t of the stnietiire in question. 
If the concrete surface is hard, xtiorc vigorous work is required to 
make it smooth and to take off tlie skin of cement. 

A concrete whose surface has t o T)e removed should so made 
that it will have an absorption of not more than 5 per cent by weigliL 

SCRUBBED OR BBttJSHED TINISH 

A scrubbed or brushed fiiiisli is obiaiucul by removing with a 
brush the surface film of cement •\viiicli forms over the aggregate, 
thus exposing the aggregate to view. This melhod of treatm(‘nt gives 
a rough texture to the surface, an<l l>y I ho use of selected aggregate 
for the concrete (see Art. 42, pa,g:e 390) any desired effeet can be 
obtained. The roughness of the sinTace breaks up the light, the 
color of the aggregate adds variety auul life, and the result is a more 
artistic surface. In other words, lliis method of treatment rcunoves 
the excess cement from the conc"roie surface, obliteraies the marks 
of the forms and washes consideral>le of the cement off the surface 
of the aggregates, so that they appciar cleaner, sometimes as clean as 
freshly-broken stone, and thereby ol>iaiu a bright and pleasitig elTc'ci. 

Preparation of iPorms. —^For scrubbed or brushed surfaces, all 
that is required of the forms is tliat the face lagging bo kt‘pt true 
to surface and that the joints be tight. Wlum it is proposed to 
scrub or brush the surface of tbe csoncrete before it is more iluui 
twenty-four hours old, the forms must bo constructed wiih the idea 
of being removed without damage to the rest of the structure. For 
surfaces too large to concrete in otic day, the forms should 1)C so 
constructed as to permit of the removal of seel ions of the face form. 
In other words, forms should be I)uilt in sections and so arranged 
that each section can be taken down, at the prof>or time, to give access 
to the face of the concrete witlioxit taking away the standards which 
provide strength for the forms as a. whole. (See Art. 17.) 

Placing of Concrete.— Either the small aggr(‘gate, viz., sand, or 
the larger aggregates together with the sraallcT aggregates, viz., the 
gand and stone^ may be exposed by scrubbing or brushing. There is a 
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slight difference in the placing of the concrete, depending upon 
whether the large or small aggregates are to be exposed. Specifica¬ 
tions should be explicit as to whether the smaller or larger aggre¬ 
gates are to be exposed by scrubbing or brushing. If they are not, 
the inspector should learn from the engineer which aggregates are 
to be exposed, and should see that the contractor clearly understands 
the requirements. In ease the smaller aggregates are to be exposed, 
the concrete should be carefully spaded between the concrete and 
the surface in the form (see Art. 41, page 384), as this brings to the 
surface finish particles of sand and the cement itself. In case the 
large aggregates are to be exposed, no spading should be done; but 
all the tamping of the concrete should be done in the middle of the 
wall, as this causes the pushing of the larger aggregates against the 
surface of the form. 

Great care must be taken in successive casting to prevent marks 
showing (after scrubbing or brushing) where the new and old work 
join. In this connection, see Arts. 25 and 26. 

Kemoval of Forms. —For scrubbed or brushed surfaces the forms 
must be removed from the work as soon as possible, and the concrete 
surface brushed while still green. Forms should be removed within 
twenty-four hours of the placing of the concrete during warm, dry 
weather; otherwise, to remain as much longer as conditions require, 
which will be determined according to the temperature of the 
weather, setting quality of the cement, type of work, mixture used, 
etc. Heavy walls in dry concrete could probably have the forms 
removed in twelve hours or so after concrete is placed, and the 
surface could be thus treated. The forms, however, should not be 
removed so soon on a high section of wall. (See Art. 19.) 

Treatment by Scrubbing or Brushing. —The process consists in 
scrubbing or brushing the concrete surfaces with ordinary fiber (or 
wire) brushes and water until all of the surface cement has been 
washed off, leaving the gravel or broken stones exposed and in good 
relief. If necessary, a small amount of hydrochloric (muriatic) acid 
should be added to the water. The concrete surface should be 
scrubbed until the surface film is removed and the aggregate is 
exposed to a uniform degree, and then rinsed off with water. Water 
should be freely used from a hose, and the amount of force exerted 
in the scrubbing or brushing will give shallow or deep cutting 
effects, as desired. When the forms are removed at the right time, 
three or four passages of an ordinary scrubbing brush with plenty 
of water is all that is required. Cement particles removed by the 
brush must be thoroughly flushed off the surface by clean water, else 
they will adhere in patches and form blotches. 

Brushes for Scrubbing Concrete Surfaces. —For scrubbing the 
surface, ordinary scrubbing brushes with stiff palmetto or other fiber 
bristles, with a light stream of water from a hose or can, will 
generally be sufficient if the concrete has not set too hard. If set 
is harder, wire brushes followed by fiber brushes and rinsing may 
be used. Fine and coarse brushes should be used. A cheap and 
effective brush can be made by clamping or fastening together a 
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siiniciont nunibor of shells of wire (*loth iii such a luauner as to 
itiake a brush about lour inches wide. Such a brush will j»’euerally 
be tbimd more eireciive than the ordinary wire brush i‘or brushing 
green concrtd,e surfact's. 

Precautions to Be Observed.— (’are must, be taken that the pebbles 
are not dislodged. Tlu‘ iitne for scru})l)ing is when the concreie is 
still grc'en, but if the conende is too s<d't to permit scrubbing, the 
work must be delayed a sullicient length oF time. It is not jmssible 
to state how old ilu^ work should be btd’ore removing the Torms and 
scrubbing the surrace. This will dt‘pend upon a number of condi- 
tions~”the charaettu* of the work, ccmnmt and aggregate used, con- 
sistemey ot the mixture, and very much upon the weather conditions, 
(’are must be taken that tin* scrubbing is not done too soon, as little 
particles of aggregate will be rettiovcal, resulting in a pitted, un¬ 
sightly Huri’ace. The scu'uhhing or ))rusliing should !)e stai’ted just as 
soon as it is jxmsihle to do so without removing pariich's of aggre- 
ga.tc». Wlnui this earn be <lone cam only be determined by expori- 
luenting with the pnriieular surface. 

The liosc' slioulcl be ustnl without a noz/h‘, as the presHuro may 
gougt^ out stoues. Wattu* may also be applied with buckets. 

Home care must b(* csxcu’cised to nud{{‘ llu‘ scrubbing uniform, as 
to(a much or ttua little pn*Hsure on the brush will maUve considerable 
<lifTet‘cmce in tln» app(‘ai*aince cd’ tin* finishtHl Hurnuau The serubbers 
scam g(d ac(*uHtom(‘d to this, ln»wt*ver, and I(*arn to vai’y the pn^ssure 
with lht‘ state* of hardness (d’ the snrfaee*. In scrubbing concrete 
Kiu’factxs, cart* must always bt* tid<t‘ii to avoid rough(*ning or blunting 
eornc*rs td’ the woi’k, and to maintain all etlges sharp. 

Sand-Blasting.- If for any rt'ason a portion id* the surfaice cannot 
be or fails to be removt'd la*fore the concrete bus become too hard 
for reaiHJving the surface flhn by sci’ubbing, the hard face itiaty be 
treatt‘d lay sand-blasting or t<Hd>(lr(*s*«iin‘i\ to a texture matching the 
Hcrubbt^d portion. {See pag(*H 405 and 40d.) 

PateWng Defective Work, If atiy voitl spaces ajtpt'ar, or if 
spalls are brok<*n otT, the* defects sliould l>e pnlcb(‘d with similar 
mix immediatt4y after the seruldiing, using tin* hand or a wooden 
IIoal'--md a «tt‘el triuvel 4br applying and smoothing tin* patches. 
After tliey are sunieii*nlly set (say, within 5 to 24 hours) all palehcB 
should be seruldied to the name texture ns the g(*nt‘ral surface* and 
be rinsed elean atn! kept moiHf ftn‘ Hevt*ral days. In this connection, 
gee Art, IKb page dllB, ami also page 2(15. 

Pebble-Dash Facing.'— 1*lie concrete sliould be composed of gravel 
and roumied stone not exceeding I in. in its smalh's! diam(*ter. 
When the forms an* r<*moved I lie cemc*nt and sand must b(* lirnshed 
fr(»rn arouml the faec* of the* gravel with fiber or steed Inmshes, aa 
dehcrihed above, leaving approximately half cd’ tin* gravel (‘xposed. 
Bnisldng sliould eommence within 24 hours after tin* eoner(‘le has set. 

Inste’ad of c‘Xpf»Hing the p<*b!des in the aggr<*galc* proper, the 
following metliod of artificially exposing aggregati* may lie c'mployed: 
After erecting tlie forniH of romdi boards in tin* tisual manner, in 
courses of 3 ft, or less, plaster inside of theses forms with wet clay, 
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and lo this wet clay apply difTtnanit colnrcMl pt‘hldt*s in sizes nf 1 in. 
down to those that will he ndainecl on a i-in. nwinni, The pebbles 
will thus slick to the (day. (V>n(*rete may now be ponna! in and the 
forms removed in the. usual lime. The clay is to be wasljetl otT witli 
a hose and the eonerete surfa(*e serubbt‘d sli^ddly witli ii brush. 
Care must be taken that the pcdddt's arc' not dislo(b 4 -e<I. Any colored 
pebbles desired may be use<l in this way» and the pebbles will *»ive 
some very deli.irhtful and varied efTcwts. In this etnmtwliim, nm 
Art. 42, pap:e 390. 

Other methods of securing p(*bbU»-dasli finishes are discttsHcul in 
Art. 44, page 414. 

Out-Stone Facing.— A mtdhod siinilar to tim otui used in obtaining 
a ^^p(d)bl(MlaslC^ may be employed in giving t(^ eonende the iippiair- 
ance of cut stone. In this case crushed rock is HulwtitnliHl tor the 
gravel, the character of the r(»ek d(‘p(‘mruig upon tlie eobir and tex¬ 
ture desired in the finish. Afh'r the ixmioval td’ tim forms the eement 
and sand must he Innished fVom around the face of the «toiif» next 
the face exposed to vw\\% followial by elean water. (See page 415.) 

BtJBBED riHiSll 

It has hetm found flint it is m»t always praeticiilile to remove the 
forms so soon; luuuas the (‘onerete sets up liard, iitid tin* seriibhing 
or hrusliing, as mentioned aimve, hm little effect on it To meet Ibis 
objection the eomu’ete may tm rubbed with a soft liriek or blotdi of 
concrete. These are rubbed witli ii eireitlar motion. The process of 
rubbing consists in grinding down the surface of tliii eonerete Hitflh 
ciently to remove all impri’SHioim of tlie limber or other irre»:iiliiriliei4, 
and where hut little eoarse iiggregate m uned, or wht»ro the tiggregfitt* 
has been spaded back from the fonui ti« referitHl to in ii |irt»vioiii4 
paragraph. 

Preliminary Preparations.— In no case on an ei|ioi«(l Mirfaci* of the 
concrete should joints of any component pieees of the foriiw* nor the 
grain of the wood, be viHililo, Home preliminary treatment will there¬ 
fore be found necesHtiry, such a« clipping off rough firojectioiw. m 
those left by (macks in tlie form, filing off Hit* tirrises, etc. Nolimihle 
voids, or stone iKiekets, should he filled with mortar in the siiiiie 
proportions m the mortar in tlie concretii. For met hods of pntehing 
and repairing defective concrete snrfiices, mm Art. Bll, piige 

Treatment by Enbbing.—The methotl of promlitre eoiiHtfit« in 
thoroughly wetting the concrete after the forriw are reitioved, iind 
then rubbing with a circular motion the wt4 siirfiic© with ii eintrse 
carborundum stone (No. 16), bringing the iiurfiice to ii lather. After 
this stone has been used Hiidlcicmtly to take off the rough projec¬ 
tions and irregularities, the: latluw must he wiwitiid off mutli ii lintnh, 
and the surface again wet, and then dusted with a mixtiirii of dry 
sand and cement, the proportion being I ;mrt Forllaiid eeriieiif niid 
2 parts dry sand, Tliis coating must be well rubbed intn flic »uirfiice 
with the coarse carhonmdum stone (No. 16). Fire imwl be taken 
not to allow any of the mortar to remain on the swrfiico. To fiv® 
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tho Ihial linish, n No. ’M) (‘urhunuulimi stone should be used and the 
w’hole surfaec wcdl rublxMl. 

Ihnst results may ht' obtaiiunl where tlie concrete has not set hard, 
pndVrahly a day or two old. A vii»:orous use of water is also advis¬ 
able. In th<‘ absence of earborunduiu stone, a block of hard wood, 
sandstone, old concrete, emery, or pieces of white lire brick or 
bricpiettes of one cement to one sand, made in molds about the size 
of a bnildin.iic brick, handles bein^ pressed in while soft, may be used. 
}\y dtistini,^ on a thin coatin«: of cement and sand in the proportions 
stated al)Ove, ^ives a lighter surface than troweling, fills any voids 
that may be iti the surfaces and leaves the concrete more waterproof 
than it wtmld be ordinarily. 

A eermmt wash may be Hubstitnled for tho dry sand and cement, 
bein^ composed of 1 part Portland cement to 2 parts of fine sand. 
This wash should be applied imm(‘diately after the concrete surface 
has been tluiroiurldy rul^bed with a piece of sandstone or earbonindum 
sto!H>, and the surface ruhlH‘d with a No. 16 carborundum stone and 
the work afterwards washed down with clean water. The grout 
shtndd be used simply io fill surface imperfections, and must not 
remain as a film on the surface (see page 406). Tho result, after the 
setting of tlie grout, is a V{»ry smooth surface. In hot weather it 
sliould he fre(jueidly dampemsl for sevcu’al days to prevent the small 
surface cracks so often setm iii a fitdish of this kind. 

Precautions to Be Observed.— hi rubbing concrete surfaces care 
must always he taken to avoid roughening or blunting corners of 
the work and to maintain nil edgi‘H sharp. Plenty of water should 
he UHcd, either by clipping the sandstom' or otluu* rubbing block inl.o 
tlie water or by throwing the water on the wall with a whitewash 
hrush or Hinall broom, (See also page 3f)9.) 

ACID WASH FINISH 

Applying dilute liydroehiorie and sulphuric acid to concrete sur- 
fiiccH consists of auotlier type of the scrubbing or brushing process 
(MIC page .197), being employed for the purfiose of removing the outer 
skin of cement iind exposing the aggregate. A desinible surface, 
however, may be obtidned by simply brushing and washing with a 
hose ami clean water, but tlie final acid tnnitrnent in connection with 
Innwhiiig and washing produces a still better finish, as the acid 
thor«nighly clians the snrfitco of the aggregate, thereby intensifying 
the color and tf*xture of same. This process is generally appli(‘(l in 
cases where the surface luw hardened to such an extent that brushing 
alone involves too great an item of work. 

An acid wash finish m applicable to all types of concrete work, 
and when the cement has been properly dissolved away from the 
piirticdes of iiggregiitii the various sluules of browns and reds of 
gravel may be very pleasingly brought out. It has becm applied 
with ocfiial success t<» troweled surface's, like pavements, to molded 
forms, such as steps, balusters, coping, flower vast's, etc., and to 
concitit© placed in forms in tho usual w^ay. The treated surface can 
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h(‘ ma<l(‘ of iiiiy desirctl cttlor !>y sehH*ti«ai <d‘ iiiivj’vvjiieA (see 

paga HOO) or by the adtUlioa of mineral pignieiilH p^ee pai^e 

The disadvantages eoniieeted with tins iiitdlmtl are the !iii:li rest 
and the dillieulty of handling tiu‘ arid to apply it an*! the fuel that 
the ae.id wastes ami if md neutndi/.ed may peiietnile iiitii the Imse 
of the strneture and destroy the eonerete. 

Preliminary Preparations.—The cnmerele work slioiilil lie 
in a fairly dry mixture and eare taken not to iHe iiiitlerials iut 

disintegrated or iiifecdecl hy either stilplinrie* liViiHiriilorie nr neeli«! 
aeid. Sand and eniHlicHt granite give gtiod results* lint liineMione 
gtmerally disintegrates nmler the aetion of the aeitl. In itllier wtHtln* 
only sueh materials should he used as will lait lie iitTeefeil liy aeiil. 
Some preliminary treatment will generally lie foiiiiil iieeessitiy* ?ineli 
as ('.hipping off rough proji'ethms* as IIiom* left hy eiiiek’^ in the forms, 
tilling off‘ tlie arrises, ete. Notieeahle \oii|H. ur stone poel«»t-^, should 
he lilltHl with mortar in tlie same proportions m the inoritir in the 
eom'.rete. For methods of pateluiig and repiiiriiig defret ive eoiierete 
surfaees, see Art. Ud, page ddB. 

Treatment by Btchhagr— Tlie method of ptoredure etnisiHiH in 
thoroughly Heruhldug or iinishiiig the eonerete after llie forint are 
removtah as d(‘Herihe<l on page dfkM, for tfie i^eriililieil or liriitdnol lliii^h, 
and tlien waslung with a diluted soliifiiui of iieid ii|i|ilied wait n liriiHli, 
The a(‘id may ha applied with an ordiiiiiry eiilidmiiiiiig hriisin While 
wet with acdd the surfaee iiiiwt he cfiiiekiy morkni tner ttilli iin 
ordinary serubldng liruHli and llie iieid miinvrd with 

elean water appli«*d through fi hose tii Miillirieiit voiniiie lo idi'iiiise 
and flush th(» surfaen thoroughly* After the setiiiiliing is roiii|ilrfi»d 
great eare must he used to remove iill triiees of iirid, the 

aeid will eontinue to ettdi out the eiuiieiil In pliireit iiiid give n inu'^ 
manent diseoloration of tlie surface* eiiii* 4 iiig it In lone ii iiinttlrd, 
strcaiky appearama*. Tlu' aeiil Hlioiild itnf he iill«»w'ed to leiiiiiiji nii 
the Hurfaee for any length of tiiiie—iicit over liidt* itfi liiuir mid 11111,^1 
he tlioroiighly washed off witli a hose iitid eleiiii muter. Any reiiiiiiiiiiig 
truees of iicdd may hi» dideeted hy fiistiiig lliit iriils^r left im ilm 
Hurfaee. Hydroehlorie aeid is |ireferiitile. 

The operfdlon of applying aeid to eonerele nmfimm is niiiiple iiiiil 
always effiietive. It eaii W done iit iiiiy lime iifler llie foriiis ii^ive 
lama removed, immetliately or wifliiit 11 itttiiilli iir iwnre. It mitiiret* 
no skilled labor—only good jiidgiiteiif iti l«iw far the nr id or 
etching process should he carrietL 

Amonnt of Bflntion .-Tin* iiiiiinint of ililiitiiiii for 

hydrochloric and sulphuric iicid should he ileterfiiiiii‘il hy riiirrifiieiit, 
as it varies with the age of the eoiiereftr Tln^ iililrr Hie rofirii’le* 
the stronger slionicl the soltdioii fie, Fur etuirrele irliirli lilniiif 
two weeks old, ordiniiry eotiifiiereifil iirid iiifiy he diiulril witli tlireii 
parts of "water. Wlien liitf 11 f«nv diiy« old a of one fiiirt 

aeid to five or six parts of wiiler shoiilil lie A itihitiie nf the 

two acids will produce a Htroiiger iietiofi tiiiiii the mt* i»f one iiliuie, 

A solution of one pfirt coiiiiiiereiiil iniiriiitir iiei«l ft* twn *ir tlirim 
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statKiurd Portland remonl is ust‘d, and a sulphuric acid solution of 
Uie same slreiij^th wlu'u white* Portland ('cnumt and white ag^'rej^'ales 
are used in the tacinji: mixture (see di)I and 488). 

Rewashing Surfaces Composed of Selected Aggregates with Acid.— 
Should the surl’ace become stained arteu* bi'ing scrubbed and waslual 
by placing course* upon course us the wall is er(‘cted, the wall should 
b(‘ washed oil’ with wattu’ i^layed on the surface by nuams of a hose 
<‘ach night as the day^s work is completed, and after the wall is 
compl(d(Hl to the top tin* whole surfaci* should be gone over with one 
part commercial muriatic aciil and four to six parts water, the 
stdulion of muriatic acid being appli(*d with an ordinary whitewash 
brush, having very little exposed metal. The acid should be left on 
the walls from tifteen to thirty minutes, after which it must be 
waslual olT with a hos(% and in places where the stains are most 
noiic(‘able the suid’aces should be scrubbed with an ordinary scrubbing 
brusli. 

Removal of Efflorescence,— Fdlloresctmce, a white or a yellow 
d(‘()osil on tlu^ surfata* of concredt', may bc^ rmnovod by using a w(uik 
solution of hydrochloric (muriatic) acid, one part of acid to six or 
t(m pa ids of walm*. The wash sluudd b(* wc‘ll rubbed into tlie porc*s 
of tin* concreh^ with a lirush and them rinsed otf with <dean water 
as soon as the* elllon‘Sc(*ncc* has diHappear(‘d. KOloia^sctmcc^ may also 
l)(‘ rcmiovml liy tin* application td' soap and alum wnsh(‘s on the 
surface* (sea* page 4.‘I7). For other methods of removing etlloresccmce, 
see Art. dP page ddd. 

TOOLED FINISH 

Ponerete^ surface's are* Homed inu'S hush-hammered or otherwise 
tooi-liuisluMl in a mamu*r similar to (hat used iu treating natural 
stone*. This chips olT tin* mortar which may have tiusheal to the 
surface*, cuts away liltlc par(icle‘H of the* mortar frenn the aggre‘gate 
l)(*low. The renigiieniiig of the surface hremks up the light, gives a 
lighter ceilor to llu* mortar itself, anti, ht'sides tliis, exposes the cedeir 
of the aggregate below. A varie*ly of textures of surface may be 
ohtainc*d by tooling with pneumatic tools or by lianel. In other worels, 
tine pie'king, chiHeliug or Iiammering, eitlier by pneumatic tends or 
by hand, will proiluce difTc‘ring effects, according to circumstances. 
This adeliiioniil color on tlu^ concrt*te adds a gr<*at deal to its appear¬ 
ance*, The dressing also removes most of the trace's of the feirm 
and does away with irregularitie’s which may occur in the work. 

While the* residt may la* etTective, toeding concrele surface's is 
ratlic'r expensive and slenv work, and is but sparingly us(*d. Anedher 
objection in temling eamcndc! Hurfae*c*H ceimes in the* i*e*me)val of (he 
surface mortar, which is the most WH((*rproe>f part of the c-emcrete. 
If there is any tenelc*iu»y toward porewily iu the mass e»f the cemcrete 
it will absorli more* mensture* iiftc'r tooling than before it, and will 
aewentuate the injury freun frent. On we‘11 maele* and preipe'idy prei- 
portiemed concrt'te* ihe»re is, hetw(‘v<u% vt'ry little* if any dang(*r from 
this, as the material is of itse*If very eh'nse and wate*r-light. 

This method of finishing the surface e*annot ordinarily be applied 
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to coiK-rctts ns llu* pobhies will ho lH‘foro hfin}: 

ohippod. 

Preliminary Preparations (Forms, Etc.). i\mlmvy to tlio pnn*. 
tioe most ravonihlc lor n MTulibinl tir liru.slitnl pip^o !l!t7K 

the concrete must be wvll hnnleiUHl bolore looiill♦^^ This does awny 
witli tlie ne(‘d of buildinjr ftu'rn U(»rk so flint it may be remove*! in 
sections, as is necessary in scrub!H*d or iHiished work. Where if is 
decided beforehand to tool the work, 1 «‘sh pains need \w liiken in 
dressing tlie lau^dnjr t>f the ftu*ms. (’art‘ nm^^t be Ifiken, Imwever, 
witli tile forms, for unless form lumtier %vhie!i is iiniforni in lliiek- 
ness is employed it beconu‘H neeessary to tool j^oine piirts of the 
surface deeper than others. Forms may be c<»iiHtrueteil of roii|?li 
lumlicr, if more convenient, and tiie form marks and t»lemis|ii*« on 
the concrete surface removed by careful fooling. I See Arts, Ifi 
and 17.) 

When the conende is to be tooled, from 3b to Ilf) ilays should 
elapse before tlie concrete is iiard enoimli, especiiilly wiicre distinct 
ed<res and sharp, ci(*an surfaces are desired, Tti scriire m^od results, 
(be concrete must Im at least 3b days old before It is worked. 

The size of stone in the concrete sbonld be limited to iiboiil to 
1 inch. Smalbsize amzreimte will ixive (be liei^t results, owiim to the 
absence of lai^e pieces of linrd materiitl in the concrete* 

Treatment by Tooling.—A «lre««ed flnisfi rtiny he obtfiined by 
dressini^ the conerete snrfnce witli ii pointed or toot bed liiimmer, 
imnally with a small stone ptek, to represciit tintiinil stone. This 
must be done after tlm concrete hiw thoronulily «et. The foid shciuhl 
be liglit, and the blows only lieiivy eiiouifli to ^^scitlp** ilie work, 
heavy tools and blows belim lialih^ to the ciiiicrelis pitrticii- 

larly at or near the edires. This sciilpinir piirtiiilly et|io»*»ei4 the 
material of tlie OK^regate, but does not cleiiii it. The cfimfilete 
exposure and cleanHini? will cfUiie with time iitid exfw^iire to the 
weather, if the work he outdoors; or the fiction of the td«u«eiits can 
be anticipated by iviiHliiii^’ tlie tooled stirfiice mdfli liydroeliloric 
(muriatic) acid diluted about on#4iiilf, wlilcdi tiiiwt li# tlioroiiglily 
washed off (see |>ap.» 4b2). (Bee also pnpw !I 3 (I and 31134 

A little variety to the texture cut! lie olitilneil liy llie ifiellifal in 
which the blow in pickinpr w aptilied. By strikltiif ii imrpeiidictilar 
blow there m no roHulfitm^ murk hdl on tliii coticrete stirfac# by the 
tool, wheriiw wdth a ^Ifincing blow linei am left, and these ciiii be 
made to show all pariillt*! to one anotlier or at viirkitin aiid 

thus somewhat of a variety to tlio fiiitiirii may Im olitiilttPii 

Bush-hammering i« tlm mmt pci|iiilar iiiellical inmd for drivsing 
concrete surfacea by tooling, wliil© other forttw of llirwli have been 
ernployfal wdfh 8ii!i«faett»ry results, ft tuny bo tmed for fine detiiil 
work, finisliod concrete block, and for iriiltnftonw of iiiitiiritl itoiieii, 
and may be done either by lytnd or mdtli ii ptitiiinatle (nr coinprf^Miif’d 
air) tool. Tn hand-lmminrieriiii?, the conerete ulioiild be tilliiwed to 
stand at least thre© weiikfi after pliicitig, prtifentbly longrr. The 
concrete must not be too green, or the liamnner will hmmm flic 
and thus spot the iurfac® with objcictiotiablii bltttiWifi, tin! pu^ihly 
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openin^^ up BOtru^ iuteruul (‘avifu's aiul startiui*- a loak in tlio wall. 
On thn otlior hand, tlia nnana'tf should not l)t‘ allow<\(l to stand too 
lon^^ for the labor will bo uniuaTssarily ^'ivnt, Tlina' inonihs is 
aliout tha limit, for con(uvi<‘ booomos praotioally as hard as the 
stone ^^'oini,^ to fonti th(‘ lariJivr a.a’.aropitcs an<l hand-haminerinj,^ has 
very little or no (‘tT<‘(d what(*ver upon the eonondt*. 

Another nudhod of tooliiuj' eonsists in rcunovin.jjr the skin forinincj 
on eonerete surraet^s with a e<»arH(‘-u'i’aint‘d etnery or earborundurn 
whe(d. The skin is eni iil>ou! as tjuiekly as the bloek can well be 
passtal over the wluad. This imdhocl is w(dl adapt(al to th(‘ surfaein^ 
of molded blocks, slabs, and artificial ston<‘. (S(‘e also pa^’e 51,5.) 

Tools for Dressing Concrete Surfaces. Toolin.u' tnay be don(‘ with 
an axe, pick, chistd, luuul or pmunnatic harnnuu*. Various weights 
fuid sizes of tools have been uH(*d, Ibad’ertmce should be givcm to a 
tool li.i»:ht in weii^ht and linvinir but tew points. 

Precautions to Be Observed. In tool-dn'ssin^, care must always 
be taken to avcdd roti^duminv: or lduntim 4 corners (»r tin* work, and 
to maintain all edires sharp. The concnde must not be too ^n'een, or 
the pick will loosen the* Hto!U‘H. 

BAKD^BBABT FINISH 

The exposed airirre^mte efT(»ct can also Ih» oblaimul by what is 
known as the sand-hlast finish. The tjpc*ration of impin^^’ini^ sand 
by nu'inw <d* coinpr€*sHed air airainst the sntdace of the eoneiadf^ pro- 
dnees a finish similar tcj that prothiecd by scrubbinir or brnshin.iif 
g'reeii concrete, ns tlescribcal on pnij^c' .1h7. It removes the plastic, or 
pasty c'lTect i^iven in the concrede hy ilic fortim and prralmu'H a f^ranu- 
laied tituHli, somewhat Hirnilar to Handstoms hut not so uniform, 
because the ii^i^reirates arc likely to bc» l>rou*jchl otit irre.i»:ularly. 
This method leaves the Ht«»ne cleaner than with scrubbing and aedd 
treatments. (See pages 347 and 515.) 

Rfindddasting is very idTecdive ami, if carefully douc^ by an expert, 
can be made to produce* panels, l)clts, etc,, and the efT<*ct of the blast 
can be carried its d<‘cply as dcnlred. It has lM*c*n HUccc*HHfully (un- 
ployed in a number of imptirtnni structurt‘H. Snntl-blaHting, however, 
is not likely to be a buccchs uiiIcsh it m dtme by expc*rien(a*d workmen, 
Preliminaiy Prepaxations (Forms, Btc.).— It is not n(a*i‘Hsary to 
construct the foriiw m they may be taken down in sections, as 
recpiired for scrulibfHl or brushed wurfaccs, for (lie concrc(<* slnudd 
be thoroughly hardemal befeu’e siindddasting, cHpccially if sharp 
edges ami surfaces of a line, uniform texture are demired. 

Any prcmounced ritlgeii irregidiiritit*H in suid’act* formed by 
cracks tir open joints in the forms slaniid be remov<»d by tooling, 
and any pointing that may Im necessary shoubl be done Hc*veral tlaya 
before the atirfiice Is sand-bliiHted. (Ree Art. «30, page 3IIB.) 

Sample of S&nd-Blftitinf.—RamplttH of sand-blasting Hhmild bo 
submitted to the engineer for his approval lud’ore any Hand-blasting in 
commenced. TItcati aiimploi should bti submitted for inspection as 
early as |Ki»»ible, 
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Treatment by Sand-Blasting. —The operation of the sand-blast 
consists in forcing a stream of thoroughly dried silica sand, or 
crushed quartz, through a small nozzle by means of air pressure 
at 50 to 75 lbs. per square inch at the nozzle. The nozzle should 
not be over % in. in diameter and must be held within a few inches 
of the surface to be cut. By a slight cutting of the surface the 
appearance of sandstone is obtained. Beeper cutting will remove 
more of the mortar which has been flushed against the forms, and 
the aggregate will be exposed. 

Sand-Blasting, Molding, Joints and Courses. —Strips nailed to 
the forms, to make moldings, joints and courses should be left in 
place while the surface is being sand-blasted. Otherwise, the sharp 
angles and edges will be rounded off in a rough and unsightly 
manner. The area protected by the strips should be left unfinished, 
unless otherwise desired. 

Size of Nozzle. —It is important to have the right size of a nozzle 
for sand-blasting. A y 2 -in. diameter nozzle would produce very 
unsatisfactory results, because if an excess of cement came to the 
surface at one spot or on an edge as a joint between boards, its 
hardness would resist the cutting of the sand, while softer porlions 
on either side would be removed, thus emphasizing the ridge. Simi¬ 
larly, a soft spot formed by a wide crack where the cement all ran 
out, leaving the sand behind, would be cut deeper by a large nozzle. 
The nozzle should not be over in. in diameter, preferably not over 
% in. in diameter, so that it can be localized on small spots. 

Material for Sand-Blasting. —A clean, coarse, thoroughly dried 
silica sand or crushed quartz should be used for sand-blasting, and 
for use with a ^/4-in. nozzle the sand should be screened through a 
No. 8 screen, and through a No. 12 when a %-in. nozzle is used. 

Precautions to Be Observed. —In sand-blasting, care must always 
be taken to avoid roughening or blunting corners of the work, and 
to maintain all edges sharp. The concrete must not be too green, or 
the sand-blasting will loosen the stones. Good results can be 
obtained when the concrete is between 10 and 14 days old. 

Art. 44. Coating Surfaces in Various Ways 

GROUT WASHES OR FINISH 

A washed or grout finish may be obtained by finishing the con¬ 
crete surface with a thin mortar grout rubbed into the concrei.e with 
a float and then brushed over with a wet brush, or rubbing the entire 
surface down with cement bricks, or sometimes hardwood blocks (see 
page 400). If a non-staining cement is used for this purpose a very 
good appearance can he effected which will look uniform. 

The chief objection to grout coatings is that they have a tendency 
to peel or erase. If the purpose is to fill the pores of the concrete 
surface only, there can be no criticism of this method, provided all 
the surplus grout is again removed; often the grout is allowed to 
remain on the surface as a thin film, in which case more or less peeling 
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is bound to follow. Many ar<'lu's, ahulnuaits and roiainin<>: walls 
thr()U]L»'liout tho oouniry luiv(‘ hocii provided with a eoai of <»’roui, 
and tlu‘re is luu'dly any loeality vvIkuh* samples of this work may 
not be found showing* the disj^Taetd’ul r(‘sults obtained. (front 
finishes should serve only to till tlu^ small pits and pores in the 
Burfaee eoatin.a:, and not be put on as a plaster. 

Preparation of Surfaces.- All (‘xpos(‘d surfaces must present a 
smooth, uniform surt'ae(‘ of eenumt mortar, tlu^ concrete beini^ spaded, 
for oidy by thorough spading can air buhhk^s be worked out. The 
gtones must be spaded away from the face carefully but judiciously; 
too much and unskillful spadina* will pcnanit an upward (low which 
will wash the ecuncmi from th(‘ coticnde at the face. Forks, spades 
or c)th(*r suitable instrmmmts should be uscmI for this pur})ose, being 
small enough to be pushed along all fact's of the walls. In this 
eoimection, see Art. 41. 

Afttu* th(' forms are removt'd, all disfigurements must be effaced, 
and if there are any open, porous plact's they must be neatly filled 
with a 1:2 or 1:3 mtuiar Ixdbn* applying the wash (see Art. 30). 
Any ridges due to eracks or joints in the foritis should he rubbed 
down smooth and hard with a fltait, and tht^ rubbing eontinued until 
the marks of the foians arc* entirt'ly elTaeed. In otlu'r words, cavities 
or joint lines, if any c*xisi, Hlaaihl he removed by plastering or 
rnhinng before the grout is applitsl, or else by applying the grout 
by rubbing. 

Treatment of Surfaces with Grout Washos.—A washed or grout 
finish may be obtnimal l)y removing tlu' forms within t(m or twc'lve 
hours after the concrtde has been deposited, undc'r ordinary tcanpera- 
ture% and finisliing with a thin mortar grout, w(dl rubbed into the 
eonende with eith<*r a wooden float or a }nc*ee of saeking, and tlu'n 
brushing over with a w<4 plastercu’^s brush. 33ie walls Bhould bo 
wetted with water bef«>re applying the wash. 

The grout may be mixed in the proportions of one part Portland 
cement to one (»r two parts of coarse* sand, and should have the 
consistency c»f whitewash. A good mixture is one of Portland 
cement to two of sand mixed thin enough to Im applied with a white¬ 
wash bruslu 

The grout may he applieal in any manner, provided a uniforrti 
appcanujcft is producc*d without leaving a scale em the work. A 
compressed air machine may he tised wlu're thc‘re is a large amount 
of grouting of surfaces to be deme. In ordinary work (he grout is 
generally applied with a hnmli. If applic*d with a brush tlu^ grout 
should be alanit tlie consishmey of whitewash. Inst(‘ad of a Fuiuid 
grout a stiff grout or semhliqiiid mortar is Hoita'times applied. If 
applied with a trowel or float, the gnuit should he* stifT and applied 
in a very thin coat and troweled or rubbed so tliat only the pores 
are filled and no laaly of the mortar left on the surface. The grout 
coating may also be applied t(» a thciroughly wet surface }»y throwing 
with ccjnsiderable femee by mc*ans of an ordinary whiskbroom, 

(Irout coating or waslies shcmld he kept damp for at h*aHt a week 
by hanging dampenc*d sheets of ljurlap close to the surface. 
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Coloring Cront Waslies.—Tho folor of the flninhecl surfaee will 
be eonsi(leral>Iy lia-liter if plaster of Paris is substituted Pir about 
one-{iuarter of the eemeut. 

\Vhere a dark tinish is desired, a irrout uuiy be luiide by nuxini^ 
neat (uutieut and laiupblaek in eciual parts, applying twt) coats with a 
brush, the second coat afft‘r the tlrst has drieth nnd one coat hy 
swc(‘pin^ with a snuill wliiskbroom, 

OtKi pound red iron ore to ten pounds eenient, mixed dry and 
then made into a thin irrout ami applied to a wcU-eleaiied conerele 
surface witli a whitewash brush, ^ives a lu'ick-red ctdor; a ricli 
dark red is given by one pound nnl iron ore to tlirt'c pounds of 
cement. The sooner this is applied after the concrete has set, the 
more likely is it to remain permanent. (See also Art. 42, page 2114.) 

Plaster of Paris Wash.— A very pleasing finish may ta* given Ijy 
applying to the set eonende a thin wash composed of ei|uiil parts 
of Portland ccnumt and plaster of l*aris. though the permanenee 
of such a wash may he open to (|uesiion. The eoncrefe surface 
Bhould be cdeaued from any oil or gieasa that may have come fr<im 
the forms, and the wash applietl with a whit<*witsh hrush. This 
mixture gives a very light gray finish, and wliere n trifle ilarker 
shade is desired, one part of plaster <if Park to three parts of 
Portland cement may be iwtaL 

Cement-Milk Paint.—Htir into a gallon of Kkiiii-milk iibmit four 
pounds of Portland cement. The skim-milk will hold the piiliit In 
suspension, hut ilie cement, being heavy, will sink to the liotltmi, 
so that it is necessary to keep the mixture well stirred with a piuldle 
while using. Mix only enough at a time for one day’s use, Thk 
paint heeomes hard in about eiglit or ten hours, atid is very durable. 
It can be cedored by using any of the pigments iiieniicitied on piigi^ 2112. 
The addition of carbolic acid or any otlicr disinfeefiint iiifikes It very 
suitable for dairy work, cdiicken houses, and the like. 

Precautions to Be Observed,—41 rout (Inisliiw sliould serve only to 
fill the small pits and pores in the surface eoatiiig. C*are miwt 
therefore he taken to see that the workmen do not get ii eoat of the 
grout on similar to a skim coat plaster, iw thiil will generiilly jieel 
in cold weather. 

WHITEWASH FINISH 

Sometimes it is desired simply to wliltewitsh ii eotierefe »iirfiiett 
to secure a uniform eo!<u% tliougli the permiinenee of a witsh is 
very (|uestionable. Whitowiisli, however, when made riglil ami 
properly applied, gives a coating that resisti wear well atic! that 
retains its brilliancy fem years. 

Preparation of Surfaces.— Poncrete swrfiicei to lit wliltew^aslitd 
should b(! prepared in the same manner m that for grout wiishci 
described above. (S(W! pages 407 iiml 448.) 

Wlitawash Finisb,— Tlie folbrnung fornmla for a wliitewiwli fliiisli 
has been taken from Prof. Ira 0. Biiker*« ^^Ma«oniy Constriielion/^ 
pa^e 179, edition of 1009: 
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Slake with warm water half a bushel ol* lime, covering it during 
the process to keep in the steam, and strain the Ihpiid (lirough a 
tine sieve or strainer. To the slaked lime add the following: I peek 
or salt previously well dissolved in warm water, 3 pounds of ground 
rice boiled to a thin paste and stirnal in boiling liol vvat(‘r, pound 
of powdered Spanish whiting, 1 pound of glue vvhieh has been pre- 
viotisly dissolved over a slow fir(\ and 5 gallons of hot water. Stir 
w-ell and let tin* mixture stand for a few days, eovered from dirt. 
Strain carefully and ap[)ly hot with a brush or a spray pump. 
(T)Ioring matter (sec' page di)2) may be put in to make alnios.t any 
desired shade. 


PAINTED FINISH 

Tinting or cohuing of eonende surfaces may bo obtained by the 
use of special coatings pn'pannl for the market. It is not satis¬ 
factory to use ordinary paint on a concrete surface. Si>ecial prepa¬ 
rations give rnueh more' lasting and satisfaetory serviee. There are 
on the market, sold under various proprietary trader names, a multi¬ 
tude* of Hp(‘eial paints and tlnislns for concrete surface's, giving a 
wide range of color etTccts and also scu’ving more* or h'ss elllcicntly 
the purpose of weather-proofing and dampprooting. The ordinary 
paints, espeeiiUly of the cold-water variety, are usually not very 
satisfactory. 

Enamel paints may f>e used. Care must he talu'u, howt‘V('r, that 
no water or frost is allow(‘d to gc't behind the ennnud, otherwises it 
will catise the eniirnel to peel (dT. Hnatru'lH should not he baktal upon 
a surface, because tlie process t»f bitkitig lias a ti'ndency to dehydrate 
the cement and cause the mortar to crumble. 

Preparation of Surfaces for Painting.— Concrc'te surfaces should 
be free from oil, grease or othc*r foreign matter, and thorouglily 
cl(*ancd and dri(*d before painting. Oil paint will not stick to damp 
concrcdc nor to perfectly dry concrete except under special conditions, 
as the alkali of tlie concrete and the oil of the paint unite to form a 
soft, sticky sulistance similar chemically to soft soati (see page 440). 
No surface is free from dirt and foreign mattc»r, and it racfuires the 
removal of sueli snlwtances, either by wire-brushing or acid treatment, 
to Hecure a firm bond and penetrating quality to tlic^ surface. 

In other wtirds, in painting concrete surfaces the material em¬ 
ployed Hhould either lie neutral, free from saponifying oil, or the 
surface to be painted should be previously neutralized with diluto 
sulphuric acid in order to cfuivert the free lime into gypsum. If 
such precaution be iiegleeted tlie oil and free lime will generally react 
csliemieally and ft>rm soap which will destroy ilie paint. No acids, 
however, slioubl be used unless properly neutralized and washed ott 
with water and the surface allowed to dry out thoroughly, (lencrally 
no surface treatment or reagent is necessary after proper aging of 
the concrete surface—six months to a year. 

<k>ncrate surfaces may be treated with a solution of zinc sulphate 
and water, mixed ec|ual parts by weight, and applied with an ordinary 
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bristle brush after the concrete is dry. The concrete should be at 
least 48 hours old, preferably 72 hours, before applying the zinc 
sulphate solution. 

Concrete surfaces to receive oil paints may also be thoroughly 
washed with 7 to 8 per cent solution of muriatic acid and followed 
by a good wash of clean water (see pages 328 and 402). 

Application of Paint to the Surface.—After the treated surface 
has thoroughly dried, the paint may be applied, using enough tur¬ 
pentine in the priming coat to make it almost fiat, and increasing 
the amount of oil each succeeding coat. 

Printed Directions to Be Followed.—^Where special preparations 
are used in painting concrete surfaces, care must be taken to follow 
closely the directions of the manufacturer of the preparation. When 
these paints are used the inspector must follow the printed directions 
for applying each. 

Spraying Machines.—Compressed air spraying machines may be 
used for applying cold water paints to concrete surfaces. Care must 
be taken that the paint is applied uniformly. 

PLASTERED FINISH 

Plastering as a method of finishing concrete surfaces should not 
be employed, especially on outside work, as it is practically impos¬ 
sible to apply mortar in thin layers and make it adhere for any 
lengtli of time, due to differences in expansion of the materials of 
different composition and age. It should be used for indoor work 
only, and then only in emergencies. Sealing of the plaster coat is 
particularly noticeable in the ease of walls above ground, which are 
subject to varying degrees of temperature. A plaster coat, however, 
is sometimes applied to a concrete wall to make it waterproof, as 
described in Art. 49, page 442. (See also page 460.) 

The reason that plastered work breaks off is that the mortar in 
setting up shrinks. The richer it is the more it shrinks, and the 
shrinkage results in leaving a hair plane between the plaster and the 
concrete work. The frost does the rest. 

A great many so-called concrete workers and concrete contractors 
do not attempt to east fine arrises, but assume from the start that 
they will fix up the work by plastering after the forms are removed. 
Occasionally the details will not turn out as well as they should, and 
under such circumstances a thin veneer of mortar is permissible, but 
should only be applied by an expert concrete finisher. 

Where it is necessary to east a cornice in place, the top surface 
of which is comparatively flat, it is impossible to get an even finish 
against a top form. Leave the top form off, tamp carefully to grade, 
and as soon as the concrete has a fairly good set, from 4 to 10 hrs., 
rub it down to an even grade with a small flat stone or a wooden 
float (see page 400). It ought not to be necessary to add any additional 
mortar to make this finish. However, if there is a poor job on this 
part of the work and it is necessary to rub it up, using additional 
mortar, roughen it slightly with a mason’s axe, wet it thoroughly 
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and rub on a coat of not more than Vs-in., using about a 1:3 cement 
mortar which has been set up thr(‘t‘ or loiu' hours. 

Tlie treatment oi“ conci‘etc‘ siirl'act's by ex[)osing the aggregates, 
as desci'ilHHl in Art. -l.’l, will gmierally be found the cheapiu- arnl 
better method of st‘ciu*ing n mor(‘ pleasing surface than by plasttu’ing 
or by the us(‘ of a fuih smooth mortar surfacts th(‘. mortar being a 
part td" tlu‘ body of th(‘ t'oncrtdts with the stone in th(‘. concrete 
worked back so as tiot to bt^ (‘.xpostal, as d(‘scribed in Art. 41, page 385. 

There are various plast(‘rs on the market, niadt^ (‘speciidly for 
concrete surf'act's. A grtxd. d(‘al of satisfactory work has b(‘en doMO 
with such mattu’ial, but its gtuitu’al ust'. is still too rt'ceid. to warrant 
absolute confidtmet*. It is much safer to avoid jilastering. It is, of 
course, atlvisabh* to till with mortar any vtuds that may a[)pear in the 
face of the work, but such places should 1)0 f(‘W and far apart (see 
Art. 30, page 338). 

Tilc*-concret(^ construction is well adapt(*d ibr plastering (sco 
I>age 313). 

Preparation of Surface.— In case a plast(*r finish is called for, 
the concrete surface' to b(^ plast<‘r(‘d must l><^ spcadally trc'ated to 
receive the plant (u* coal, de|>cnding upon whet Inn* tin* wall is nv.w 
or old. In that ease, vory tair n'sults may hc^ ohiaimsl, bid plasitudng 
always nunains an art mori* than a science, so that skilh'd labor is a 
most esHtmtial tealure. It cannot 1 h' too strongly insisted that 
proper precautions la* takem to make tin* plaster stick. 

The best results an* obtained by placing the plastt'r immediaiedy 
after tlu' forms have iHsm riunoved and while the concret<^ is still 
green, rough timhc'r hedng ustsl for forms and no care (‘xcu’cisml to 
see that the surface as hd’i by tlu'ir rcmioval is at all smooth. lu 
tluH caH(% vt*ry little* or no pr(‘paratitm ed' the concrete* surfaee is 
necc'SHury to rece‘ivc* tlm plastc'r, wldcli is iippUe‘d he*fore^ the wall 
lias dri<*d end. It may 1 h^ wise in some caHt‘s to cast deivctailod 
r(*ceHHc*H in the tnass work. 

If the concri'te wall is old, inuedi cart^ must be taken in preparing 
it for the plaste*r. In many e»aHi*s it Is well to wash or Hcrub the 
surface, or to piedc it to make* it rough, before applying the* plaster. 
The Hurfac'e shoulil genc‘rally lie* eptile* rough, thus making a Hurfaco 
witli a goenl sued tent, as painters te*rm the piopc*rty that mak(*B a 
surfaces eait up paitd, ho as tej form a clinch for the* plaster. The 
exemsH e>f ce*me*ni like»ly to have f!ushc*<l to the Htirfaesi must be 
remesved, l)e*ing first gone ove*r witli a wire brush, fed lowed with a 
weak acid, such as stremg vim*gnr, sour be*er, a we*ak stduiion of 
hydrochloric aciel, etc, (stm page 328). The surface shoulel then be 
gone eiver sevi'ral time's witli a wiehi brush dippeel in wnte*r until all 
triicais of the acid have hemn removed. The surface must be 
tlmroughly edeaneel and then wetted just before applying the plaster, 
or it will crack and fall edT. (Sc‘e pages 33!) and 448.) 

Timte’fnl of applying the plaster finish directly to the', eoncre^ta 
snrfaea*, the nu'thtHl ed’ using a lath tti support tlie plaster may ba 
6mple)ye*d, as elc»scrila*d in (he next paragraph. 

M^al Lath, and Furring.—-Tlie meital lath must be of su0lcient 
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rijritlity to readily take mortar when Biipported hy fiirriiii: npawl 
a!)oiit 1() in., center to center. Hie lath in ymienilly ttirml tu tin* 
furrinix an|j;;Ies or cluunuds every H in. wit it No. 18 niuienliMl «ii|, 
vanized steel wire, care ladnu' taken to have htillieimil lap in the 
luihin^. The lath should la^ tietl ttatelher iiinl iiI?^o In the fiirriny’^ go 
that there can he no settlcnnenf or of tiie latli or the liirrin^ 

to which the lath is attached. (hi!viiiii/ed iiieliil laflt glioiild he used 
for outdoor purposcu Thert» an* viirioiig kiinh, wmen, welded, 
expanded, any one of wliich can he iHial. Tiiiit liiniiiit a hin^i* mogg. 
section of mt'ial and hein^^ heavily coitled witli iiifiteriii! 

is likely to he the most dunihlt*, if naiwtiirc slnnild fM’iielriite tlirotigh 
tho plastering to this luaterial. 

The furring shotdd have suflicieiit apfiee f«ir Hie iiiiiriiir to pimh 
tlirou|i:h the mesh and clincii wit fault iiitei feieiifo from the harking 
to whieh the fnrrinp: is attaclied. Furrint: iiial It'avfi 

an air apace of at lt*ast *^i in. for exterior witliti, ft iiin^t he 
protcctcal from ruHthn^ hy helni^ eritindy or Ireiifetl hj 

any other ecfually etlici(*nt process. 

Use of Kails as riining.-'-At fre<|iieiit iiitervnlfi wlw miik iiiny 
he driven in the forms on the iiiside, mi I hut iIip poiiiled endg 
project about 2 im outside of the nuitfli I’oiirrote iifter the fiiriiis 
have been removed, lleftire applyiiig the |ilii.i%ter ii giiiull irmt imi 
may l)e put. on eiudi projecting iiiiil: tlie t'oiirreh* murk lndiiif llipii 
covered with a wire lath of iiiesln*^ In flie tnrli iiiiil N%i. 2tl wire, 

and the nails hetif over it wtfli flic liliiw of a hiiiiiiiier, Tiic iiiiti 
will serve to keep the wire liitli ii di^itiiiice of filmitt in. friiiii thfi 
old concrete* surface. Tlie tiaik .simidil iilitiiil li in. wifti a 

bend of % **^^^^* niiiy he eillitfr m|iiArc tir 

hexagonal, about % itt. Iilfln 

Metal Lath md Wooden Fnirtoi.—mfsltg nmy Im* firovided 
with lk4?^d-in, thoroughly iitiil mmmmpi fiirriiin siiiip# iilaitil 

18 in. apart, to wlilcli may he ffigtcfied giilwtiiiitiiit liitti iiiid 

this pliistfired with lime rriortiir. 

Proportioaiaf, Mixing and Pkcfif Plailtr,^- llti nut tnie » ricli 
mixture for tlie pliwter, A leitii ftiixfiitc usi'itu fur lieiter 
than a rieh mixture and Ii iiof »i» Iklile lo dww liiitr cmrlcfi. f|iiic| 
setting causes hair criickii witl ii rirli itiixtiirn t|iiii4ly. Hiie 
part of Ikirtland ccirneiit to tliree fiarln of eliwti* «iitr#e m%ml iiitiiilii 
generally be used. 

Lime paste addeil to the iriiirtstr iidvhiiilile in hutiio 
daily for conemte Inilldiiitf widlii, Tliin iitcrcrt'^e^ llic iii|lie»ioii ami 
lessens the liability of craclciiig. If a iiurd ^tirfiire h ilcfiirrth otily 
a small amount of the pitste ulmiihl he mml. The inkiiig iioigt 
thoronghly dona. The lliiia tiiorfar stiiiiilil t>e at leitwf flvt^ ilifi 

before using, and the cetiieiif glutitltl imt lie iihh'd tiiifil fisc niiiiliir U 
ready to be used, and ilituilil he ftiiired in #itini! f|tiiiiililirrt the 
work progresses. The lime ditiiihl lie eoiiifitetrlf »n trtiiilili* 

will surely result if it in iioi 

The first, or scratch, coat itiay he cfinifMMeil t«f litip fifirt Ihirtliiiul 
cement, three parti iniifl, ami onediiilf inrt Imlf piiitv. TIsb liiir 
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puity should consist ol* loin*’ caitl(‘ Iiair or tiber, tliorou^'lily worked 
into in’ood lime putty. Heror(‘ coaling* the surface^ the l)as(‘ should 
b(* thorou^’hly saturat(‘d with wal(‘r so as to avoid suction oi“ moisture 
from the coveuan^' coat, which would impaii* its streni^'th and dura¬ 
bility. Care must b(‘ taktm to apply tlu‘ plaster at om^e in a thin 
Iayc‘r and scraicli it Ixd'orc* tlu‘ surl'aca* has an opportunity to dry. 

Apply with a hard prc‘ssurc and Ud. it set until stroui*' enou.ab to 

carry tin* iwxi coal. By throwin.a’ (Ui plast(‘r with consid(‘i’able force 

it bonds Ixdtcu* tiian by spnaidini^ it. It th(‘ first coat is thrown on, 

the sc'cond is more apt to adluMT. The face of the first coat must 
be w(dl scratchcal io make* a kt‘y for the s(‘cond (*oaf, and should bo 
thorou| 4 :hIy dry and surfac(‘ cracks app(‘ar before the second coat is 
appli(‘d. 

The sc‘cond coat tnay b(‘ composed of otu* part Portland cement, 
two ami one-half parts of sand, atnl with not over 5 per cent lime 
putty and the cow-hair omiltcxl. Before ai)plyinf>; the m^xt coat, wet 
the* scratch coat ami Hum apply the sc^cond coat in the sartie way. 
Before tin* H(‘cond coaf has H(‘t fiard it may be jointed to present the 
app<‘nranee of stone work. 

The third or flnishim^^ coat may consist of one part of Portland 
cement to two ami one-lialf parts of sand or scr(*(*nin^, with not 
more tium 5 [x*r cc*xit of lime putty. (Pruslu'd tnarhle screeniui^s 
may lx* uH(*d for the faciuj^; mortar, unless otherwise desired, or 
mineral^ colorini^ matter may be nsed [s<*(^ Art. 42].) To this 
finishing coat may he ndd(*d pebbles or other non-cottibuHtii)Ie material 
as may be deHirc»d to obtain a variation in the finished app(*arance. 
Screenings or sand must not Ix^ too fim*, hut should ht^ frotti Pi in. 
diameter down (see Art. H). If d(*Hired, tin*, last coat may b(^ thrown 
on in order to prodmx* a remgh surface. Thrc^e coats will generally he 
auflic.ient. The surface efTeet is obtained by using different kinds of 
finishing tools. 

In all cas(»H, one coat mast follow the previous one as soon as it 
has sufllciently set to allow of sc* doing. There sliotdd be no difIB 
culty in causing the layers to iidlH»re to each othc*r, if propc*rly 
applied. The concrete sliould lx* well spritikled l)efore llu^ plaster is 
laid, as tlie interior ctmerete, being dry, will otherwise absorb mois¬ 
ture and prevent adhesitm. Avoid as much as possible the working 
of material more tlian merely euougli to makc^ it adhere. 

Where a total thickness of not more than 1 hi. is reciuired it is 
practicable to apply it in two coats; La., omitting tlie second coat 
above specifltaL 

Joints shouhl be allowed at intervals and made as inconspicuous as 
possible. I duster slundd never bo applied when the temperature is 
below freezing. 

The finished surface sliotdd be protected for at least two weeks 
witli canvas curtains or bagging saturated with water. (Bee page 445.) 

Thicknew of Plaster Coat.—A plaHtc‘r c<iat shouhl eiihc*r be v(‘ry 
tliin—“that is, Just enougli to fill irregii lari ties (as described for grout 
washes on* page 4l)fl)—or it shotdd be from I to 3 in. thick, so that 
it will have some strength in iiialf. (Bee page 303.) 
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Smooth. Float Finish.~*8ueli finish ('jui ho (>hfnin«‘<! wifli a W(»0{lon 
float. P’loats should be made of iuird, elose-uraimHl timhi‘i\ sucdi im 
beec'h or bindi, and should l )0 drawn Htrai.i»iit ahnn^ tlu‘ walb witiumt 
twistino: or iurninin*- Smoother finishc‘s can be obtained by (lie use 
of steel trowels or with wooden floats covered with felt. Troweiint^ 
brings the neat cjennmt to the surfaces whih' the float tends to brim( 
out the. |i»:rains of sand. A metal trowel is seldom employtaU as fine 
cracks are more apt to become visible. For preeautums to la* olwerv(*d 
in usin^ st(‘el trowels, see pa^t* 484. 

Rough Finish.~~A heavy spon.i.m tat^pc**! liirhtly on the fresh mortar 
gives a rouglier finish much used, whih* in otlier kimls fd’ work 
difTorent effects are secured by thniwing on the materia! witli a stiff 
brush or trowel. 

Splatter-Dash or Slap-Dash Finish.—An inexpensive manner cjf 
plastering is what is ealled a splatt(*r*das!i or slapolasli eosit. It c*an 
bo obtained by throwing the finishing <*oai {nt(» the first or seeond 
coal, as the case may l)e, with a broom made td’ twigs, dipped into a 
solution of monar, half nml half, or two <d* sand to erne of <*emeid, 
and applied by stepping Imck a distance of two or t.!iri»e f4*ei from the 
wall and striking the* brootn with tlu' liand in sueli a way as to drive 
the mortar against tin*, wall, on which it (*(d!ects llki* rniiitirops. The 
mortar may also be applied by ttirowiiig it from a trmud, Htamling 
two or three feet away. Ntd all of tbe mortar will slick at the first 
attempt, but enough will atlhere to form a lamd for tlie net! appli¬ 
cation, and BO on. The procesa sliouhl be cemtinued uidtl iiii «*ven 
surface is produced. The eement erystalliwH and lutlicrcH firmly to 
the wall. It is possilile to mark ofT the plastic siirfiice iidt» obbmg 
forms or into geometric d(‘Higns. A routdi sitrface is gi*neridl>‘ better 
in appearances and 1c*hs liable to crack tliiui a sinotdli surface. Ily the 
use of wliite mortar a sparkling, glistering efIVet is olilannnl (ice 
pages 3f)l and 48B). 

For the successful application of a splatter-diisb or sliip»dftsli 
finish, the workmen must posBcss considerable skill. In fuel, it takes 
an expert to do good work. The Hcrat<4i-coat to wliieli the finish is 
attac.lied should not have attained ttm great a set prevent bond. 

Pebble-Dash Finish.— -A pebble^dasli flnlHli may he tiiade by t brow¬ 
ing on mortar and leaving it rough. The cement anil lime piiste 
should he mixed to the eoiwisteney cd’ thick creiiiti mid waslied pebhles 
added in the proportion of five parts plaster to one purl piddiles, hy 
volume. 

Pebble-Dash Finish (Alternate Method).— A pidible-iliish sit rface 
may also be obtained by applying tin* llnwlitng emit of plaster fairly 
wet and throwing clean pedddes into the fre4i plaster. Fxeidlent 
effects are obtained with wlilte rpiart^/ pelddes, find witrtti t*ffect« 
with colored stones or gravel (see page fiflfl). The ptdddes shottld lie 
about V 2 diameter and slnmld run uniformly. 

The pebbles must be wet just befon* I browing them on the fresh 
plaster. The work should be started at the fop find the fudddew 
thrown with a sweeping motion such as Is used in no wing fiiaab The 
pebbles must he distrihuted uniformly over the Miirfiiee and inimt \m 
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thrown with suiliritnit 1'oiti‘ to (‘inhed tliem securely. Cai'o must be 
taken not to disturh tiu‘ ecomud atier it has started to set, and in 
order to avoid this tht‘ suri‘a(*e must !)o covered with the i)el)l)les 
inunediately after tlie fresh plaster is applied. Particular car(‘ must 
also he tak(ui to mak(‘ tlu' whoh* surfaces continuous; that, is, one 
patch of plastcu* must not be allowed to dry btd'ore the adjoininf^: 
space is covered. 

This is a simph‘ and inexpensive yet thorou< 4 :hly practical m(dhod 
of securing an artistic eOVet. Sometimes huxc' pcdibles are employed 
and each individual stone placed where it is desired it should be. 

Art. 46. Other Methods of Exterior Finish 

Cut«Stone Finish.— Strips of wootl can be nailed into the forms to 
l^ive the ellVct of cut stout* to comu’cte surface's wIk'U tlu* forms are 
removetl. These ixrooves are suppostal to represt'ut joints in the 
stone that tin* concrete is intmidcal to imitale. Tin* b(*lt(*r practice, 
howevt'r, is not to try to maki* concri'tt^ imitate any other material. 
The reason is obvious. (See paiJ^e 400.) 

Clapboard Finish. Kxtt'rior forms may lie arran^tal by lettiu^ the 
outsidt* htmnis 1 in. tliick lap ov(*r vnvh oilier, the (*xpos(‘d width h<*in|^ 
about 10 in., to jrivt* tin* t‘trt*el of clnphonrd finish. Tli<* con(M*t*t(* may 
be h*f( as it eomt‘H from flu* forms, no ruhhini^ wlmtev(*r lu'in^ 
ret (ui ret!. 

Panel Finiah.~A broad surfaee may lie rt‘li(*vt‘d of its monotony 
by plUlelini^ Tin* lari*c*r and rouu'lH*r tlu* surfact*, iht^ holdt*!’ the 
pam»lH should lx*. Lon,ic rt'lniuin^^ walls should pr<‘ferably havt^ 
panc'ls to rt*lie\c* tin* <h‘a<l Hat surfaet*. 

Inserted Patterns (Colored Clay, Tile, Etc.). —More satisfactory 
methods td’ securim^^ colort'd Hiirfaecs art* by the t‘mploym<‘ut of 
etdoretl elay, colorf*d tilt* or mosaics t‘mlHnldt*ti in the c.oncrt*te. 
(‘ohired tile has ht*en usc‘tl with mnrk(‘tl succt*Hs, Tht'rc^ art* s(*V(*ral 
methtHls by which tlit'se cla>H can ht* inst'rfetl in tin* concrete. 

Tilt* may he first i»Im*d to perlonilt*d forms with eommtm lull- 
posters^ pasti* and tin* mans ctmcrele tli*pt)sitt*d as uHual. When the 
eoncreti* has properly Ht*t, wetthnr tin* forms with wat(*r will tlissolve 
the paste stt as to allow the removal of tin* forms. Ilt‘fort* tin* forms 
are removed they must hi* thorou*Mdy flushed with walt*r. Such tile 
work can also he slnblH*d in sections at tlu* pottery, and the slabs 
tranHptuleil ami nailetl tti l!it» forms, the mass coucrt‘te h(‘in^^ deposil(*tl 
as usual. Popper tacks art* somt*fitm*s UHt*d to H(*cur(* llu* slablx'd tih* 
ttj the forum or centeriuir, iio tliseoltiralitm from rust takinii' plact* 
with the lapse of time where eopper taeks havt* been used. A pii'ce 
of felt slioidd he placed hefwet'u the form and tlu* face* of the mosaic, 
if KUtdi \m used, in order to prevent the smaller particles of ixrout 
from running onto the face of the mosaic and sfaintn^ it. The 
prepared ornamental slab is tlu*n backed up and Hurroimd(‘d by a firm 
body of concrete. 

Another uu4bod of insertiiiic tih* or patlern work is to place them 
piece by piece in the wall after the removal of tlu^ forms, in which 
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ease sunken panels from 1 in. to IV 2 tmtlim* to suit 

tlic desigm, should be provided for their reception. IMu'se imnelH are 
then filled in at any convenient time with the tiles bedded in cement 
mortar. In providing space into which to set til(‘s, pit'ces ot wood 
of the exact size of each tile, or tile work slabbed in studious, sliould 
be nailed lightly to the forms, so that the forms can bt* rtnmtvtul 
without })uHing them from the concrete. When the fornw are 
removetl these pieces of board will remain in the surf act* t>f the 
concrete, and should be left in until whatevtu* surface llnish desired 
for the remainder of the work has been completed, Tliey are then 
removed, thus leaving recesses conforming to the tlesign, and the 
tiles or ornamental slabs are placed in these recessc^s, lieing ceiumUed 
in with a mortar varying in color to conform with tlie design fsee 
page 31)1). Belt courses around columns or along fin,*a<les, oriiiunentid 
medallions, and innumerable other points liave been Imautifully 
ornamented by this means. 

Brick Veneering or Facing.—The concrete immi \m true to line 
and level, as it is otherwise diOlcult to put cm a lirick faeiug. It 
is very important that suitable play he provid(‘d for, as brick enmud 
be made to exact dimensions, while the concrete construction is very 
apt to vary slightly from the specified dimensicmH. 

Care must be taken to embed a sutlkdent num!)er of metiil tit's 
for tying the face brickwork to the concrete. Bolts imwt also he 
placed in the concrete to receive the angle irtms which curry the 
brick work over door and window openings. One gjdviinizinl wire 
wall tie should be used for about every 2 stp ft, of surfiiee, exeept 
in eartlupmke countries, where there shtudd be one every stpuirt* ftiot. 
Wire ties should be at least % in. in diameter, witlt tme end bent. 
One end of the tie should be thrust through a small hole in the 
fonus immediately after the coucrete is |daced and before it Iiiih set. 
Upon the removal of forms the projc‘cting end of the tie should ht» 
bent at right angles and embedded in the mortar between tlie bricks. 
It is advisable to make all ties of soft iron, »o that they will not 
break when adjusted. 

In laying brick masonry every brick must be cdeiinecl and tlior- 
oughly saturated with water, and should be laid in the Wiit hydriiulie 
cement mortar (proportions of 1:2), with such thickness of Joint 
and stylo of bond as prescribed by the engineer or shown on the 
plans. No broken bricks should be used in the face of any wtill, 
except when necessary to make closures for pr«i|Mirly diiiieiiHloiiing 
the several courses or to break joints. 

Terra Ootta Facing.— Tlie concrete must be trufs to line and level, 
as it is otherwise impossible to put on the terra cotta facing. It m 
vei'y important that suitable play be provided for, m term cotta 
cannot be made to exact dimensions, while the concrete const ruc¬ 
tion is very apt to vary slightly from the specified dimcitiioiw. 

The arrangement of tlie ties and snpimrts for terra cotta vmim 
greatly with the design. ITsnally a Imllow space Is left between the 
concrete and the terra cotta facing. Cement mortar deposited in tliw 
space ties the facing to the concrete behind, as the facing blcickM have 
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projectril)s on tlu‘ biu'k, whih* iron anchors project from tlie cc 
so that till' whole is loek(‘(l securely to^’eiher. At iutervj 
support( mI hul.u'es must h(‘ ai'mimcal to transmit ilie weigtit of t 
terra ctitta ra<'in.i 4 ' (which is consitlerahlc') to the struetunil concre 
Stone Facing, IT stone lacing is usial lor concrete work, i 
stiuies shouhl h(» oi’ an appr(»ve<l (jualily. The stone must be of 
compact fextnr(‘, {V(*e from loosi' s(‘ams, (laws, discolorations or imp( 
led ions of any kind, and of such a character as will stand the acti 
of the wt*athc‘r. T1 h» stone facing should in all cases bo seciin 
hemded (»r clamped to the eonende hacking. All stones should 
dreSHca! to true IhhIs and vertical joints, unless otherwise desir 
No joints sliould exccHul dj in. in thickness and should he laid 
hn‘nk joints at least h in, with tlie course below. All joints slioi 
he chuiticah wet iitul neatly pointed. Thc'. facing stones sliould be 
true liiH*. and to tin* dimeu^ions givum on tlu* plans. All eorni 
mohline^s, eapitals, keyshun's, braek<ds, (de., should be built into t 
work in flu* propcu’ posit ion. cde., and should be of the forms a 
dimeusbuH shown oju the plans. 



CHAPTER VIII 


INSPECTION OF WATERPROOFING FOR CONCRETE 

WORK 

It is foreign to the purpose of this chapter to consider the design¬ 
ing of waterproofing systems, which presupposes that the designer 
is thoroughly familiar with the physical and chemical nature of the 
materials he proposes to employ, and their effect upon the concrete 
structure, etc., hut simply to give such general and specific instruc¬ 
tions as are necessary to insure proper and adequate inspection of 
waterproofing after the plans and specifications are completed and 
the contract let. 

Failures to make concrete waterproof are due to faulty details, 
poor workmanship, poor materials and the formation of cracks in 
the masonry. Poor workmanship and neglect of correct principles 
of construction are responsible for practically all failures that occur 
in this class of work. Failures which can be positively charged to 
poor materials are few, though frequently materials are used which 
could be improved by a more careful and intelligent selection, with¬ 
out adding to the cost of the work. The use of a waterproofing 
ingredient or application tends to poor construction work, the con¬ 
tractor counting upon the waterproofing to help out careless 
construction. 

Art. 46. Waterproofing* Materials 

For all outside concrete work, like walls, roofs, etc.; for basement 
floors and walls, and for tanks, cisterns and similar construction, 
the concrete should be rendered waterproof. In other words, except 
for mass concrete foundations, all work should be made as water¬ 
tight as possible. 

Specifications for Waterproofing. —Specifications should be par¬ 
ticular and explicit regarding the method to be employed for making 
concrete water-tight. They should be suited to the conditions sur¬ 
rounding the particular job so as to obtain a structure that will be 
entirely free from dampness and the percolation cf ground or-out¬ 
side water. It is a mistake to leave the work entirely to the con¬ 
tractor by not specifying the exact materials and the methods to 
be employed, as is quite often done. The specifications must be 
clear in the matter of indicating what is absolutely required without 
any alternative, and what is named as indicating in general the char- 
*acter of the product, and in which alternative materials, methods or 
results will be allowed. In other words, the contractor should know 
in advance how the waterproofing specifications are to be inter- 
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so far us it is possiblt* to .uiv(‘ this information in tln^ spcnn- 
tiontitjns. In rase* tlu'v arn not cltvir, the inspen'tor should learn from 
tin» tin* tpiality of work lu‘ lias in mind and should see 

that, the ('ou‘tra(dor eUairly umhu'stands tlu^ iH'ciuirements. 

NECESSITY FOR INSPECTION OF WATERPROOFING 

Inspection of Waterproofing Materials.— Although there is a tend¬ 
ency mnoni^ inanufaeturers of watei'prootin.u’ materials to impnjve the 
<iualily of tludr product, y(d. this dot's not rt'lieve the neet'ssity of 
cart'ful inspection of wjiit'rprooflni^ materials delivered for itnportant 
concrete work. lit'fort' ct'nu'ut is ailh>w{*d to |j:o into the work, it is 
geiu'rally tt'sted either at tht' sitt^ nv sent to some laboratory for test- 

(wee Art. *1, pa^^t^ 27). Sand and broken sttme or gravel are usually 
carefully examined for clenuiim*sH, tdc,, for coucrt'te (see Arts, 8, 
t) and 10), but bow ofttui is tlu' trouble takt'u to find out whether 
tht^ wattu’proofing mattuauls spc'cltlcd havt^ bt'tm supplital, or ilu'se 
substiiutt'd l)y a clump matt'riali Thtu’e is nothing (msier than the 
sidjstitution cjf potu* inalt'rinlH for good otum by irresponsible con¬ 
tractors or dt'nlcrs, particularly when the price is nmeh below the 
starnlard prict* for like materials. Why shoidd not these materials 
b<^ P'sh'd as tiu'y comt» (ju tlu^ wtu’k, in the same way as otluu* con¬ 
struction mntcuaals art* tested I Why pay ftn* asphalts wlum oil sub- 
HtitutcH are ht'ing madt* I Why iicct»pt soap or powd(*red lime wlu'n 
\\att'i’prtmliug (‘tanpoumls «u' proprh'tary tngrt*dit*utH are being bought f 
On largt* works partictdarly, matt*rials Hpecijital for wut(‘rf)roo(ing 
ptirpoM'H shoidtl be suhjt'cted to the same di'gree of inspection atid 
tt'Hts as other coUHtructiou materials. 

Hnglrieei's should not ctmsider the cart»ful inspection of waler- 
prootimg materials as an adtiitbmal retbiement in comu'ction with 
rend«‘ring cont*ri*tt* \uiter-ti' 4 ht, hut as an absolute lu'cessity, and 
hlundtl tmtnhli.Hli the unetuulifional rule of not permitting any watcu’- 
prtmflng matt*rial ttt go into tlu*ir work until llu*y are fully satislied 
l»y tmn'ful inspt*clion that the material is td’ gtnnl quality and empable 
of giving thf‘m tlie very Imsf results. Ho many of the coal tar and 
aHftliiiltic pn*paratituw lotik iilike tliut the tpuility of! the material 
tlcdivcrcd can he aHcertnincd «»nly by subjecting tlumi to specified t(‘stH, 
fixtal ac«*cu“ding to tfm fdiaracter cd’ the wc»rk in hand. Watcu'prooflng 
fcllM and c»t!it*r laln'lca slunild also lai cxarnimal for defc'cts (see 
pag<* dbl), and powders and <dlicr materials to Im intrcaluced as a part 
of fsmerete work sliould he tcHted and ctnnparecl with sattiples cd>- 
faliicil, to see that the maferiid is actually delivered (see Art. 48). 

Eesiilts of Incompotint Inspection.—dn applying wat(»rproo(iiig, 
HUcccKH depends on the perfection <d' ev<‘ry detail. Are these details 
liadicd after iw tlicy should hef rsually md. How many inspectors 
can tell whtdher the concrete surfiiccH are too wc*t, or too nmgh, or 
ill It proper condition to recfd%*e the waterprocdlngf The bc'st ma¬ 
terials, applied to improperly prepareil Hurfaetm, are w'orlldegs, Hovv 
many inspeidors can ti*!! wlietlu*r tin* waterprcHdimr materials speci¬ 
fied Imvti been supplied, or llte^e Hulmtituled by a chc*aper materialf 
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All aspluiltH, tars and bliudc paints look alike and to many arc one 
and the siuno illinJ^^ and for laek oL‘ eoinp(‘((‘ni inspeetion tin* Ix'st 
(lesi^'nod walerpi'ooHn^ systcnns itiay n^^nlt in a eoinphde failnre. 

Why is it that had eoiulitions are oftcai diseovcnnal in watc^rprooT- 
injL!: eonereto struelnres where the plans and spe(d(l(*ations havt‘ luani 
all that they should be? It is beeansc^ the work is dotu^ by ineotnpetcmt 
and inexperi(nieed worknuni—dt*feetive inatinMal, ,y:o(»d work ind prop¬ 
erly proteeted, or even injured, or eonditions unsidt('d the work. 
After the struetnre is eornpleted and leaks are diseovered, thc^ (m.iri- 
ne(*r puts the rc'sponsibility on the eontraetor, In* in turn on the 
engineer’s inspeetor. In faet, tliere is a |»:eneral shiftin|>r of responsi- 
bility. The result is a loss to all eoneernetl, in money and in n^pu- 
tation. 

Intelligent Inspection Keede(i.~Bnee<'ss witli any sysimn of water¬ 
proofing recpiires ecuisiderahle supcnwision on the part of an int<‘lH- 
geni superintendent or inspetdor who lias a praetieal and tcHdinieal 
knowledge of the work in hniicL It is a very Heri«)UH mistake not to 
place in elmrge of the waterproofing an inspector who thoroughly 
mulei’stands such work. 

In order that waterproofing maierials c»f tlie desired cpinlity be 
obtained, certain reciuirements are usually outlined in the spmdtlea- 
tions, and it is ineuml)(‘nt (Ui the inspeetor to see that these recpnre- 
ments are fulflllc‘d as far as it is within his ptnver to do so. Labora¬ 
tory tests should be made on the waterproofing material delivc»n‘d 
the work as mentioned abf»ve in order to determine wlmther pliysieid 
and eliemieal recpdrements are satisfied. 

Bo many failures have becm reported from the application of water¬ 
proofing wlum the walls were not in a proper condithm to rc'ceive tlie 
waterproofing, and from (he failure to pro(<*ct (he waterpnadlng 
from injury duo to unneeessary evposurti, latck-filling or other cauHcs, 
that a competent inspector shtmld he always on tlic work ant! 
work (lone in his absence. In otimr wcu’ds, n competent inspector 
should he present from the inception of thci wat«»rpr(Jofing work to 
its completion, and nothing deme, atid no tamperhig or interfertun^e 
allowed without Ids knowledgei, 

It cannot he too strcuigly insisted that there he proper and ade¬ 
quate inspeetion of waterproofing at nil times during the ctinstnitf- 
tion of the work. All eltlclent waterproofing is depemlent, to a 
large extent, upon the qmdity of workmansliip in its application. 
The materials must he carefully placed by skilled workmen ancl a 
common and serious mistake i« often made in attempting to do tlie 
work with incompetent and inexfmriencml W(»rkmen. All the more 
reason why wo should have intelligent insimefiom With proper and 
adequate inspection, where the plans and speelflentioriK are nil thiti 
they should he, the waterproofing of eonereto slruetnres becomes as 
certain and pc*rmanent ns possildy can he expeted. 

Tim inspeetor will find it one of his hardest duties to secure suc¬ 
cessful results in tlia matter c»f making concrete water4ig!tt. The 
supervision must bo constant and eOlcient. 
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METHODS OF WATEEPEOOriNO CONOEETE 

Classes of Waterproofing.various motliods of nuulvring con- 
rote watorproof may be elassitital imdtu- two broad divisions as 
ollows: (1) The Inirtjml, in wliicdi llie (aaierele is made impernieal)le 
r waterproof prior to settiui^^; (2) PIxtvrnal or Surface Treatment^ 
i wliieli the eonerete is surrounded by a protective shield, or in which 
10 wattu’prooiing is applical io the surface of the concrete. 

lloth of thc‘He metliods may be^^^^^^ - in many instances are— 
trectively combincHl in the sanu* construction. 

Methods of Waterproofing. ’’1‘he above two classes of watei’proof- 
ig concrete may be furtluT Hubdivid(‘d into a number of specJal types 
r methods of wati'rprooting, differing from one auotlier in marked 
.laraet eristics. 

Intetp'al methods, for eKiunple, eomprise two Hubdivisions, as fol- 
iws: (1) Aeeurately gnuiing ami proi»ortioning tlie aggregates and 
le cement ho as to scumre a conerede so dense as to bes waterproof; 
i) Mixing Honu* substanet' with tlie eonende^ sueh as hydrate of 
me or a manufaetiirml compound, make the mixture water-tight. 

Surf are Treatment mtdbods of watm-prooflng may be subdivided 
‘cording to the malerinlH used, as follows: (1) Apidying a water- 
roof etaiting to the concrete afttu* it is in places sucli as alum and 
»np waslieH, grout wiisbes, cement mortar coating, asphalt coating, 
c.: (2) Snrrtmnding flie concrtde Htnudure with layers of waier- 
rootlng materialH, Hueli as asphalt and felt, to keep tlie water away. 

F<ir brc‘vity, tlie above metlioilH will be* de^signated: (1) Dt'use^ or 
npertiHUible Concrete; (2) Intrcalucfion of Foreign Ingrt'dientH; (2) 
[eecial Tre*atm«mt of Stirfacai— Surface; (4) laiyers of Water- 

''oofing *\!iite‘riiil'■■ Me*mbrane Methoel. 

It is often iidviMiible to cornbiue two or moiv of these mt»thods, 
tr(*ctionH ami suggestions fe»r priudieally applying these luetbodB 
ill mnv !m taken up in the fcdlinving artielcH. 

Art. 47. DeBse or Impermeable Concrete 

C’oiimde masonry, properly designed and plaeeil, may be miido 
ludieally watt*rprt»of iimler imnlerate presHures vvitluiut the addi- 
Mi t»f special waterprceitiiig materials, hut HUccesH reijuires miudi 
re. Where concrete m to be made water-tight witiumt additional 
ealment nr infroduetion of wfilerprooflng ingredientn, the* aggre- 
ite «lio«!<i be so seleefetl as to have a minimum of voltls, A dmisc, 
'cn mixturi* of cmteride sliindd be tlie primary expedient to sc*cure 
Eiter tiglit eoneret<% In gcmuiil, it may be stated that in mono- 
Jiic cuimfriuditm ii wet mixture, a rich concrete and an aggregate 
'oportioiied to secure great tietmity will in the majority of caHt*H give 
e dcHired rcsiilts, niid h aatisfacdtiry for massive work, and for 
any struciiireH ^vhere tlie conditions of constructiim can be readily 
ntrolled. For other cfises, especially where the presHures are high, 
diliotiftl prwaiiitioiis are desiriddc fKce Arts. 4H, 411 and 50). 

tifl. .4 ... JtS 4 jH ... ... I!... t... ..... 
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the concrete itself that it is impermeable would appear to he an 
ideal one, yet the method has some bad features which it would not 
be out of place to mention in this article. In the first place, it is 
more difficult to proportion the concrete carefully in field work than 
it is in the laboratory; and while samples of concrete made in the 
laboratory might seem impermeable, it is doubtful whether the same 
concrete would also seem impermeable when made in the field, espe¬ 
cially when made by some contractors. Then, again, to obtain a 
conci*ete that is entirely impermeable, it must be made fairly rich as 
mentioned below. Under these conditions, it would often have more 
strength than is really required. In other words, to gain water¬ 
proofing qualities, it is often necessary to use a better concrete 
than would otherwise be required. Such a procedure, of course, 
would not be economical. Concrete, when properly mixed, is water¬ 
proof only up to a certain degree. If the water is under great pres¬ 
sure, as at the bottom of very deep foundations in the very wet 
soils, it is probable that moisture will gradually soak through the 
concrete. Another objection that should not be overlooked is the 
liability of the concrete to crack; this may happen even if water¬ 
proofing compounds have been added. While this danger is under 
control today, every precaution should be taken to avoid it. 

Leakage in tanks and reservoirs may be due to faulty construc¬ 
tion as follows: (1) Lean and porous concrete work; (2) Inexperi¬ 
ence and carelessness in carrying out the construction. 

PEOPORTIONnsra and laying water-tight concrete. 

Proper proportioning of ingredients, proper grading of aggregates, 
thoroughness of mixing, and careful methods of placing are factors of 
the utmost importance in securing a ‘ dense concrete which will be 
impervious to water under moderate pressures. 

Grading of Aggregates. —In concrete, the volume of mortar should 
exceed the volume of voids in the aggregate, and to obtain this 
result without too great expense the aggregate should be so selected 
as to have a minimum of. voids. The advantage of grading is to 
minimize the voids and reduce the actual surface area of the aggre¬ 
gate to which the cement must adhere. In this connection see Art. 13. 

Proportioning Water-Tight Concrete. —The exact mixture to use 
in order to secure impermeable concrete will depend on the quality 
of sand and broken stone or gravel, and it is only by experimenting 
with the same quality of sand and broken stone or gravel that is to 
be used that this ideal mixture can be arrived at. In other words, 
for this purpose a rich mixture should be used of such proportion of 
sand and stone as to produce the maximum density. Mixtures from 
1 cement and 3 of sand and stone to 1 cement and 6 of sand and 
stone will usually give satisfactory results for moderate pressures. 
However, with accurate grading by scientific methods (see page 147), 
water-tight work may be obtained with 1 cement and 10 of sand 
and stone. • A richer mixture than 1:3 is liable to crack or check. 
The proportions usually employed to prevent percolation are, with 
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ordinary materials, 1:2:4; and with well-graded materials, 1:2:6, or 
1:3:5. In other words, with well-graded aggregates a somewhat leaner 
concrete can be used. 

Gravel concrete properly proportioned may be made water-tight 
somewhat more easily than broken stone concrete, but a mixture of 
gravel and broken stone will give good results not only in this regard 
but in the matter of strength as well. A mixed aggregate evidently 
has fewer channels through which the water can pass than an aggre¬ 
gate consisting of broken stone and sand, provided the character and 
relative proportioning of the finest particles are the same in both eases. 

The water-tightness of concrete depends principally upon the 
amount of cement present, provided the sand and broken stone or 
gravel are properly proportioned. Six bags of cement per cubic yard 
of concrete is ordinarily sufficient to produce a water-tight mixture. 
This amount, however, should be increased when the hydrostatic head 
is considerable. 

Size of Aggregates. —Concrete made with large aggregate is much 
more impervious than that containing only smaller sizes. Coarse 
aggregate, ranging from % in. up to, say, 2^4 in., is far superior to 
aggregate ranging from % in. to 1 in. It is sometimes claimed, how¬ 
ever, that the fine material can be placed more satisfactorily. This 
depends upon the workmanship. With proper selection of materials 
and care in laying, concrete made with large aggregate will produce 
excellent results. If a very fine broken stone, under % in., and con¬ 
taining crusher dust, is used for the coarser aggregate, the addition 
of sand may increase the porosity and the permeability, because con¬ 
crete containing such small stone is practically a mortar, and the 
finer particles of stone or crusher dust are really sand. 

Thickness of Concrete for Water-Tight Work. —The thicker the 
wall the less water will fiow through it in proportion. It is impos¬ 
sible, however, to specify definite thicknesses to prevent percolation 
under different heads of water, because of variations in proportions 
used for concrete work and methods of laying. Rainwater under a 
head of 3 in. has been known to percolate through a 4-ft. wall of 
excellent concrete and dry consistency, while a 3-in. wall under a 4-ft. 
head of water has proven perfectly tight. 

Mixing Concrete. —The mixing of concrete should be done with 
great care to secure a thoroughly homogeneous mass. In this connec¬ 
tion see Art. 15. 

Consistency of Concrete. —^A rather wet mixture should be used in 
preparing concrete when water-tightness is desired, as wet mixtures 
do not pass water as readily as diy ones. On no account should a dry 
mixture be made if intended to be water-tight. That is to say, the 
concrete should have a ^^quaking,’' jelly-like consistency, or even 
made with enough water to be somewhat ^^mushyor sloppy.’’ In 
other words, the best way to keep water out of concrete is to put lots 
of water in it in the manufacture. However, a concrete may be too 
wet to produce the most impermeable product, if impermeability is 
sought. On the other hand, a deficiency of water will result in a much 
more permeable mass than the use of what might be considered an 
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excess. The author wishes to emphasize the importance of usin^ 
the right amount of water. It is not possible here to state what 
percentage of water should be used, as it varies with dilferent cements 
and aggregates and should be determined by experiments for any 
particular combination that is to be used. In this connection see 
page 193. 

The concrete should be so mixed that it will just carry the man 
ramming, and wliieh when walked or tamped on by him will cause it 
to ^^cjuake,’^ so that it will settle into place with only a small amount 
of ramming. If the concrete is mixed with too little water, it cannot 
be rammed into a very compact mass with ordinary ramming tools. 
With the wet mixtures of concrete now generally used in engineering 
work, concrete possesses far greater density, and is correspondingly 
less porous, than with the older, dryer mixtures. 

Placing^ Concrete. —Great care should be exercised in handling con¬ 
crete (see Art. 25, page 290). While the materials employed may be 
perfectly graded, properly proportioned, and thoroughly mixed with 
water, yet if improperly placed, the concrete is likely to leak. Con¬ 
crete must be carefully placed so as to leave no visible stone pockets 
(see Art. 41, page 384). 

It would be much better if the entire structure could be made 
one continuous operation, but as this is usually impracticable except 
for small pieces of work, joints due to stopping of work must be 
made with great care (see Art. 26). In other words, for a stnall 
structure which must be water-tight, it is' advisable to place the con¬ 
crete continuously, allowing no joint whatever, and not even permit¬ 
ting the concrete to stiffen up between the batches. Even an inter¬ 
ruption of an hour in the middle of a hot day has been known to 
form a joint which will allow water to pass. If continuous work is 
impracticable, the old surface of the concrete must be thoroughly 
cleaned of all dirt and partially set cement, for whenever partially set 
cement is left on old concrete trouble invariably occurs, in order to 
expose the aggregate. The unfinished surface should always be left 
in as rough a condition as possible, but never roughened up after the 
concrete has partially set. The author has found that this roughening 
often loosens the stone in the concrete, but not sufficiently so that they 
can be removed, a condition which is apt to impair the water-tiglitness 
of the ‘ structure. 

To start a day^s work, the surface should be thoroughly scraped 
with wire brushes and kept wet until the next course is ready (prefer¬ 
ably being covered with wet sand or bagging) and carefully swept 
just before fresh concrete is placed upon it. A mixture of common 
muriatic acid water in the proportion of one acid to three of water 
should be used to clean the old surface of the joint, after which the 
acid should be thoroughly washed away before applying the fresh 
concrete. It is recommended that a layer of soft cement paste or 
else 1:1 mortar be spread upon the prepared surface after thoroughly 
soaking it. The fresh concrete must be laid before the mortar shows 
signs of stiffening. For other methods of bonding new to old con¬ 
crete, see Art. 27. Void the formation of joints through which water 
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wiU pass by making an effective bond between successive days’ w 
A cement liquid mortar mixed in the same proportions as the mo 
in the concrete is sometimes used, being poured over the old 'v 
to a depth of This method always gives a good water-t 

horizontal construction joint. 

The concrete should be allowed to dry slowly, being well prote 
from the direct rays of the sun. This can be accomplished by eo 
ing the concrete, in the case of vertical walls, with burlap, whic 
kept wet by sprinkling for about a week or by keeping wet sane 
horizontal surfaces. In this connection see Art. 29. 

Contraction Joints. —Where the work to be waterproofed ii 
much magnitude there is danger, should the concrete itself be n 
water-tight, that with the aging of the concrete shrinkage cracks 
develop and thus nullify the waterproofness of the concrete by cau 
seams through which the water can percolate; consequently, v 
work is to be made water-tight, suitable provision should be n 
for contraction by special joints (see Art. 28), or by steel reinfc 
ment without joints. Shrinkage and temperature cracks should 
erally be prevented by reinforcement. 

Making G-ood Defects. —Any places showing rough or any pc 
where leakage occui’s should be plastered with a coat of 1 to 2 cei 
mortar, into which may be mixed some waterproofing ingredient 
page 426), approved by the engineer, and the wall left in a wj 
tight condition. For methods of patching and repairing defe( 
concrete surfaces, see Art. 30, page 338. 

Action of Water on Porous Concrete. —^When water is perm: 
to percolate eoniinuously through a mass of concrete, particularly 
which is very dense, the permeability will decrease in a marked dej 
Usually after the fiow of water has continued for a few hours, 
found to diminish rapidly in quantity, apparently due to the fi 
of the pores with very fine particles of clay and other mat 
carried in suspension by the water, gradually making it more wj 
proof. If this action takes place at all, it is produced very rap 
On the other hand, if it is not thus rapidly produced, the eftec 
the water is apt to be injurious, because it and the ehemiea! 
contains will dissolve certain parts of the concrete which will 
be carried away and the whole mass become honey-combed, eve 
the point of failure. 

The author has frequently observed that when concrete was gi 
there was a considerable seepage through it, and that in a s 
time absolutely all seepage stopped. 

BICH MORTAE COATINGS 

A rich mortar facing is practically impervious to water, espec 
if it is all troweled until a dense face is secured. Lime pasi 
sometimes added for smoothness in working. It is essential thal 
facing be well troweled. 

Rich Mortar or Granolithic Finish. —For many places whe 
surface must be waterproofed a rich mortar carefully appliec 
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skilled ■workmen will not only answer the purpose of a finished ap¬ 
pearance but will resist a water pressure of a number of feet head. 
Plastering with rich mortar is effective provided cracks can be pre¬ 
vented. This is very difficult to accomplish unless the plaster is 
applied to the concrete before it has set, as the variation in tem¬ 
perature and moisture between concrete and plaster is almost certain 
to cause a separation. There is some danger, however, when such 
a surface coating is used of its cracking and peeling off if exposed 
to the direct rays of the sun. If it is covered with water, as in the 
bottom and sides of a reservoir or tank, no danger of this kind 
should be apprehended. Preferably only structures which will be 
permanently submerged or moist should be plastered for water- 
tightness. Even then good results can only be obtained by experi¬ 
enced and skillful workmen under intelligent supervision. 

On horizontal or inclined surfaces, a mortar finish of Portland 
cement and sand, or Portland cement and screenings in proportions of 
1:1, or 1:2, may be laid and troweled, as in basement floors, side¬ 
walks, reservoirs and tanks. This should be laid while the concrete 
base is still green, and with the same that is, Portland cement, and 
carefully troweled in place (see page 478). The granolithic finish 
varies from % in. for floors to 2 in. for concrete pavements. 

Troweled Surface. —Where the concrete can be worked before it 
has set, the surface may be troweled until a dense mortar face is 
secured. Troweling brings the cement to the surface, and produces 
a dense, hard surface, which is practically equal to a surfacing of 
rich mortar. For a vertical surface the forms must be stripped while 
the concrete is still green enough to be worked with a trowel. The 
surface should be troweled hard and smooth; but excessive troweling 
is likely to cause innumerable hair cracks in the finish surface (see 
Art. 51, page 484). The scope of this method for vertical surfaces is 
limited to instances where the forms can be quickly removed, or 
removed in sections. No trouble need be experienced with horizontal 
or inclined surfaces, as the mortar finish would be placed at the same 
time as the concrete base. (See page 389.) 

Troweling is very effective for the top surface of an arch and the 
exposed surface of a sea wall or the inclined face of a dam. 

Art. 48. Introduction of Foreign Ingredients 

Concrete may be made impervious to water by adding some finely 
divided material which will fill the minute pores which form in the 
concrete as it hardens. As has been said on page 421, extra cement 
will do this or by theoretically proportioning the ingredients to 
eliminate the voids. For many conditions this is all that is required, 
but no matter what the richness of the concrete may be, there is 
always the probability of improper setting, and in many cases it 
is advisable to add water repellents and finely divided foreign ma¬ 
terials to obtain waterproofness. There are two methods of rendering 
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)nerete water-tight by the introduction of foreign ingredients, viz.: 
1.) Adding a single inert void-filling substance; and (2) Adding 
ae or more substances which by action upon the cement or between 
emselves may produce a void-filling material. 

There are two distinct classes of void-filling materials: (1) Those 
lat have a capillary attraction for water, i. e., lime, puzzolan cement 
nd clay, which reduce permeability by obstructing the voids; (2) 
liose that have a capillary repulsion for water, i. e., alum and soap, 
ax, and a number of proprietary compounds. 

Inert Fillers. —The first class of this division of compounds corn- 
rises all the inert fillers; that is, those materials which act as void 
llevs or increase the density of the concrete and are without any 
ction on the cement and do not themselves change. In this class 
lay be included hydrated dolomitic lime, clays, finely ground sand, 
nd finely ground feldspar. Some of these compounds may be partly 
langed in time when in fhe concrete. The hydrated lime may be 
cidly carbonated, especially on flie surface, the feldspar may decom- 
ose by the leeching out of the alkalis; the sand will change but 
ery little, being a high-grade quartz sand; the clays will be very 
lert, although some theories have been brought forward which 
3sume a very important role for clay when mixed into concrete. 

Active Fillers. —There is but one compound in this class. It is a 
diite powder with a strong aromatic odor of kauri resin. This being 
1 combination with yiolassium will possibly partly dissolve in the 
lixing wafer and in turn be decomposed by the lime present to the 
rresponding lime resinate, which is comparatively insoluble. The 
reater part of the compound is entirely inert, being china clay and 
yd rated lime. 

Water-Repelling Compounds. —^In this class of compounds we have 
bearic acid (see page 434) combined either with soda and potash or 
me. The amount of these necessary to combine with the acid is not 
ery great, seldom exceeding 7.5 per cent. Consequently it can be 
een that the greater part of the material is hydrated lime and mag- 
esia lime. These act simply as void fillers. As a whole, they are 
lert toward the cement and water. However, those in which the 
tearic acid is combined with the soda and potash must react with the 
me of the compound to form the more insoluble lime soap, or else 
liey are valueless, owing to the ready solubility of the former soap in 
rater. 

Waterproofing Ingredients. —Various materials may be mixed with 
he concrete to reduce its porosity. The compounds that are in- 
orporatcd into the concrete while it is being made depend, as a 
ule, on the chemical formation of a lime soap, which fills the inter- 
tices of the concrete. The principal advantage of adding foreign 
ngredients or void-filling material into a mortar or concrete is to 
lermit the use of a lean mixture, the fine particles of the water- 
iroofing ingredients tending to reduce the volume and dimensions of 
he voids. In ease of a rich concrete, the cement generally furnishes 
nough fine material to fill at least the larger voids. 
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HYDRATED LIME 

One of the most, eonimon materials us(mI for waterfjroofhi^^ with 
considerable success under all ordinary conditions is litne. It can 
be tlioronglily slak(‘d and mixed with concrcde as a puttyt or better, 
thinned to a* whitewash. Another form prodticin.e: Hiniilar resulls is 
hydrated lime, which is commercial or commcm Iinu‘ subjectt*d to the 
action of clean water until tlu' lime is tiioroimhly slakisl, iliunl ami 
pulverized to a fine powder, and mixed dry with the mortar. Hvtlratcul 
lime is much finer than the tinest Portland cement; lienee the ma¬ 
terial fills the voids in the concrete^ mass, makitjir a denser ami 
thererore more nearly waterproof substance. Tin* lime possesses tlie 
property of eoatin^^ each particle of sand and fillin.ir up all tin* voids 
around it, by crystallizing in the pores of the concrete, and in tlik 
way makes the concrete waterproof. 

The great advantage accruing in using hydratcil lime as a water¬ 
proofing material over oilum substances lies in the fact that whili* 
most of these latter suhstanees decreasi^ tlie ultimate strengfli of 
the cement from 5 per cent to 20 per ctmt, the hydrated lime doi*s 
not decrease it at all, hut rather increases it. 

While hydrated lime assists in making the conerete wattn‘proof, 
it must not be thought that by its addition all cares as to the mixing 
of concrete, the amount of water used, anti the placdng of the concrete 
may be dispensed with. These precautionH must he taken just tlifi 
same as if the hydrated lime were tiot added. 8ee page 4.15. 

What Hydrated Lime Is.—Hydrated limt* is praetienlly pure cal¬ 
cium hydrate, is of mineral natiir(‘, contains no organic matcriiil and 

is, therefore, not suliject to decay or disintegration. It m a white, 
soft-feeling, smooth powder that is liglit in weight itntl looks like flour. 
For equal weights it occupies about two and onc-lmlf finals t!i«» Imlk 
of cement. Hydrated lime is commercial lime «^uhjcctcd to tin* action 
of clean water until the lime is tlioroughly slaked, the water after¬ 
wards being driven off and the lime redueed to tine powder. C^nick- 
lime in sizes of 1 in. and under is used, and the water wid! stirred into 

it. The heat generated drives off the witter and the residue, if not 
Bufliciently fine, is ground to fiowder. Hydratetl lime k wold in sacks 
and costs alioiit the same as ccunent. 

Proportioning Hydrated Lime.—T!it‘ percentage <if Itydrafed lime 
to use varies with the proportions of concrete and tlie charitcfer 
of the materials. Tf fine sand is used instead of coitwe kiiiiiI. it 
smaller quantity of lime will he reepured. Tlie amount of lime to he 
employed is usually given as a percentages by weiglit, of tlie cement, 
The percentage of hydrate of lime used in firactice varies from fi 
per cent to 17 per cent of the weight of the cement. For a 1:2;4 con- 
erote, add dry hydrated lime equal to about H per cent of flie wifiglit 
of the dry cement; for a 1:2^:414 concrete mhl nhoiit 12 pi‘r cent; 
for a 1:3:5 concrete add about 15 per ceut. and for it I citiicrefe 
add about 17 per cent. The addition of hydrate of lime in the ahov# 
proportions will render eonereto practically water-tight antler a prei- 
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sure of 60 lbs. per sq. in. Smaller per cents will give satisfactory 
results under smaller pressure. About 10 per cent of hydrated lime 
will give good results under ordinary conditions without impairment 
of strength in the resulting concrete. (See pages 394 and 522.) 

If possible a good plan is to test the permeability of the concrete 
that it is intended to use on a certain structure with various per¬ 
centages of hydrated lime before the work is started. In other words, 
secure a few pounds of hydrated lime and note the difference resulting 
from its incorporation in the mixture. 

Mixing Lime. —For the waterproofing of concrete, pure calcium 
hydrate, or hydrated lime, as it is called, must be added to the cement. 
It should be dried and pulverized, however, before adding it to the 
cement, and in slaking it must be thoroughly mixed with the water in 
order that no unslaked lumps will remain. Too much water must not 
be used in slaking, as the extra water is difficult to remove and 
some of the lime is liable to be deteriorated by it. At present few 
contractors slake their own lime, because lime slaked by special ma¬ 
chinery, reduced to a fine smooth powder and packed in bags, can be 
bougkt in the market as mentioned above. 

The hydrated lime and cement should be thoroughly mixed dry 
before placing in the mixer, as the lime will be more elficacions acting 
directly on the cement, rather than be dissipated through the aggre¬ 
gate. If the hydrated lime is mixed wet the putty should be so 
thinned that it can be as easily and uniformly distributed through 
the whole mass as is the water. Since hydrated lime is a very 
fine dry powder, it can be very easily mixed with the concrete. 
If good results are to be obtained with the use of hydrated lime, it 
must be mixed thoroughly with the dry cement. After the cement 
and lime are mixed until the color of the mixture is uniform, the 
sand, broken stone or gravel, and water should be added as usual 
(see Art. 15). 

For very rich mixtures of concrete, when hydrated lime is to be 
added, it is well to reduce the amount of cement employed; that is, 
with rich mixtures, instead of adding the lime as in ordinary mix¬ 
tures, it is better to substitute the lime for part of the weight 
of cement. 

PUZZOLAN CEMENT 

Puzzolan cement being largely composed of lime acts substantially 
the same as lime in making concrete water-tight, except that lime 
adds very little to the strength of the ‘concrete, while puzzolan cement 
adds considerable strength. Mixtures of Portland and puzzolan 
cements have been found to well resist the action of sea water. 

Proper Uses of Puzzolan Cement. —The action of puzzolan cement 
is not mechanical alone, but chemical, and the effect on the strength 
Qf the resulting mortar or concrete depends upon the exposure to 
which it is subjected. Tlie oxidation of sulphides in dry air is de¬ 
structive of puzzolan cement mortars and concretes so exposed. It 
will turn white and disintegrate, due to the oxidation of its sulphides 
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at the surface xinder such exposure. However, puzzolau ecuncuit is 
especially valuable Tor \vat(‘rprooline: eonen'P' io h(‘ t'xpdstsl to s<*a 
water, since it is not acted upon by the sulpliitles in (he .st‘u watcfr. 


COLLOIDAL CLAY 

In place of liydrated lime, (*oncrete is often waterprooftsl by mix¬ 
ing with it finely ground colloidal clay. The addition of pure cday, 
finely powdered and free from any trace of vt^gidabh* matter, ma¬ 
terially increases the water-lightness of concr(‘t.e by acting as a void 
filler, especially of lean mixtures; but the concrete is not neeeHsiirily 
free from absorbing moisture. 

Effect of Clay.— -The etTeci of clay varies with tlie richm‘Hs t»f the 
mortar, i. e., with the proportion of cement. Clay is ijiefTecfive witli 
rich, well-proportioned concrete, sinc(^ the cenumt furnishi’s fim» ma¬ 
terial to fill the voids. The clay, if fiiu'ly pulveri/aal, helps to fill 
the voids of the sand and causes the cementing miiteriiil tcj coat the 
grains belter and thus bind them more strongly togetlmr. The exiicl 
effect of the clay, however, depcauls ehielly upon the tlnenesH of the 
sand grains and upon tiie per cent of tlie voids in the clciui sum!; 
but depends also upon the thorouglmess of mixing and tlie iuiioiint 
of water used, for if the clay forms a coating tm the mini gniiiw 
and is not removed in the mixing, a small anumnt of clay m didcfcri- 
ous. Moderate doses of elay Iiave no deleterioiw eflect tm the strength 
of mortars or concrete for ordinary expoHures (see Art. H, page !*!). 

The presence of the elay retards the setting f»f the eenient 
natural usually more than Portland—and makes the mortar more 
susceptible to tlie action of frost. 

Percentage of Olay.— Finely divided colloidal elay, in prtiporlioiw 
running from 5 io 15 per c(‘nt, producers a fairly etilcient waterproof¬ 
ing effect in concrete. The proportions sliould vary with the cliiirficter 
of the aggregates and the richness of the mortar, L e., with the 
proportion of cenumt. In certain cases 5 per cent of clay to lli«» 
weight of the sand has luum found effective. With lean ctnirrtdes, 
from 10 to 15 per cent of finely powdered cday, either luhled iliiwtly 
or by the substitution of a dirty for a elcmn Kami, inenatses tlie 
water-tightness witliout materially decreasing the strenvtiL 

Fineness of Olay.— The clay sliould be finely divided” - |iriit’eriilily 
to diameters that will entirely pass a 200-me8li sieve. 

MMng 01ay.~Bucc(*ss with the usc^ of clay depemlH iifMin the 
thorouglmess with which it is incorporated into the concrete. The eliiy 
must be thoroughly dry and well mixed with flic cenumt. If litis 
precaution is not taken, the (day is liable to rol! up info little liiill'4, 
Even distribution throughout the mass is absolutidy nec»e«sriry. The 
greater the proportion of elay, the more thorough ahoithrhe tin* 
mixing. 

TJse of Olay and Alum Stdpbate.—Clay may he iped in eomliinn^ 
tion with alum sulphate for increasing tlie watardightiteiis cif ecnicrete, 
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PXJLVEEIZED ROCK 

Rock pulverized as finely as Portland cement has been used to 
increases the water-tightness of concrete, especially of lean mixtures. 

Use of Pulverized Rock.—For mortars not richer than 1:3, and 
concrete made with these proportions of cement and sand to the 
stone, the impermeability may be increased by the addition of rock 
pulverized as finely as the cement and equal to it in weight. If, how¬ 
ever, the natural sand is very fine or contains dust^ the addition of 
pulverized rock is not so beneficial. 

ALUM AND SOAP 

Alum and soap may be used as ingredients of concrete for increas¬ 
ing water-tightness. This is usually referred to as the Sylvester’^ 
mixture, which is an old one, but it has proved successful on many 
occasions. The alum and soap combine and form a fiocculent, insol¬ 
uble, water-repelling compound. Not only are the voids partially 
filled by this capillary repellent compound and thereby decrease the 
permeability of the concrete, but the permeability is further de¬ 
creased by the water-repellent property of the compound. In other 
words, the alum and soap mixture deposits aluminum silicates (an 
insoluble gelatinous mass) in the voids of the concrete. While the 
concrete is rendered more impervious by this mixture, it is also 
somewhat weakened. (See page 443.) 

Proportions of Alum and Soap. —Various proportions of alum and 
soap have been used'. The best proportions are: alum 1 part and hard 
soap 2.2 parts, both by weight. These proportions are the chemical 
combining weights for alum and tlie best hard soap, and are exact 
enough for any good, well-seasoned hard soap. Soap varies in the 
amount of water it contains, and where soft soap is used, a greater 
proportion should be employed according to the amount of water in it. 
Soft soap contains from 55 to 95 per cent water. An excess of soap 
is preferable to an excess of alum, since the excess soap will unite 
with the free lime of the cement and form calcium soap, which is a 
finely divided, water-repelling compound. An excess of alum, how¬ 
ever, does no harm, since alum is itself a fair waterproofing material. 
This may account for the reason why widely divergent proportions 
of alum and soap have given fairly successful results in practice. 

Approximately 1 per cent, by weight, of powdered alum may be 
evenly mixed with the cement, and the same proportion of soap may 
bo dissolved in the water in making the concrete. The amount of 
alum and soap is practically limited to alum equal to 1% pG"*" 
of the water and soap equal to 3 per cent, because it is impossible 
to dissolve more than about 3 per cent of hard soap in cold water. 
Where it is desirable to use greater amounts, the soap may first be 
dissolved in hot water, which may afterwards be mixed with a large 
portion of cold water. Alum equal to 1% per cent of the water and 
soap equal to 3 per cent, is enough to render any reasonably dense 
concrete practically, if not absolutely, waterproof. 
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Mixing Alum and Soap.—Thc alum iti tlu^ torm of n fltu* |H»vv<h*r 
may be mixed with the cement, ami tlu‘ snap may he di.**s<»ivt*d in the 
water used in niixini^ the eoner(‘ti‘; nr both tiu' alum and tlu' staip 
may be dissolved in the water. In the Iatt<‘r east» the \vatt»r should 
bo frc(piently stirred to prt‘vent th(‘ compound from aemuuulatinir 
in larii’e masses on the surfaces which it is not easy tt» brc*ak up. 
Plven distril)ution tlirou^'hoiit the wat(*r is abs<ilutely m»c*i»'^sary. Since 
the alum is the more soluble, it nuiy he dissolvt*d in, say, tuie liftfi <if 
the water and the soap in tlu^ remaiuini^: four-fifths. The two por¬ 
tions may then be mixed to.ij:ether, cart» btdn*^^ taken to slir flu* wat«‘r 
thoroughly as the mixing progresses. Tlie mortar is nuufi^ wet, and 
the brok(m stone or graved is added in the usiinl manner. Snrt'es%4 in 
the use of alum and soap d(‘i')endH upon I In* {!ior<mghness witli wliieh 
it is incor[K)rat(‘d into the coneretc*. Kvam disfrilintitm fhrouglumf 
the mass is almolutely esscmtial for rendcudng euncrelt^ wafi'r tiirht. 
Ordinary preeautions should be taken t(» make tlie eonendi* deiiHi* fM^e 
Art. 47), and as a rule the concrete should be mixed ml her wet. 

ALXTMINTTM SULPHATE AND SOAP 

Aluminum sulphate (sometirries, hut irnfiroperly, ciilkal nliiin) am! 
soap has hetm found to increase tlu^ water-tightniws of concrete. 
Alnminum sulphate is ciiea|)er tiuin alum. 

Proportions of Aluminum Sulphate and Soap.-^TIm bcHt prtipt»r- 
tions are 1 part aluminum sulphate* to II parts of liiird ^oap. An 
cx(fess of soap is bed ter than an exeu'Hs of ahnninmn sulpliiitf% since 
the exc.ess soap will unite* with the free lime of the eetnent iirid 
form calcium soap, which is a finely (livi(h*d, wn I er»repelling^ eorn 
pemnd. An exce.ss of aluniimmi snlpliate, Itowever, df»e?» no liitriii, 
since aluminum sulphafe is Itself a fair waterproofing miiterlnl. 

Mixing Aluminum Sulphate and Soap,— ^Hnet^ess In the ime i»f 
aluminum sulphate and soap depemlH up(»n tin* tlioninghniw mdth 
which it is incorporated into the eoncrete. Even dwtrihutioii thriiiigli- 
out the mass is absoluttdy necessary. 

UMB Aim SOAP 

lame and soap may be used m ingredients of eoncrete fur in. 
creasing water-tight ness. Tlie lime and soup ctmihine jimi ftiriii cut 
dum soap, which is a finely divided* water-repelling rompoiiitiL 
dam soap is a product in the manufacture of ciiiiiile^ mill niiiy he 
bought and add(‘d directly to tin* cement. It is the es«e«liii| tdeiiieiif 
of several proprietary waterproofing compoundfi. 

Proportions of Lime and Soap.-'According to Prof. Ira Cl, linker 
in his book on ^^Masonry Const met ton/’ IfKHI edition, the |iro|ier 
proportion is nnslaked lime 1 part iiml liard ioap 12 piirt^; Inif, 
since it is impossible to dissolve more than iiltmit II per cent of liiird 
soap in cold water, the amounts to he iwed in priictice lire iiiiMliilced 
lime 0.25 per cent and hard soap 3 per cent of fit® weitlif of the 
water. These proportions will give 2J per cent of void-illing eom- 
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pound and will render any n^asonably vvell-g:raded concrete absolutelv 
wattu'-ii^ht. 

Mixing Lime and Soap.—lUd'ore the water eontaininj^ the lime and 
soap is ust‘(U il siiould he (horou‘ 4 ‘hly stirred to mix the ingredients 
a!ul to k(‘ei> the precipitate in suspension. 

FEOPEIETABY COMPOUNDS 

There are many pati'nltal matiudals on the market, sold under 
various trade names, and intended for direct incorporation in the 
concrete mass, in ordcu* to render it waler-tight. The majority of 
these compounds are in powder form, to be added dry to cement 
before mixing, Tlu'se are usually of white, Homy consistency, ex¬ 
tremely thu‘, and art* water-repcdlt*nt. The water-repellent properties 
art* imparted by the introtliieiion of a metallic stearate (see page 434), 
Hut*h as lime st»ap, which is of a fatty nature. Btdng so extremely 
tine, (hey havt* a distinet voitl-flUitig propt‘rty, and their uniform dis- 
trihufitm in (he eejiH‘nt gives a denser mixture. In addition to the 
metallic Htearatt*s, th(*y contain varying pr()pt)rtit)ns of hydrated lime 
ami alum. The latter mat(*rialH are tiit‘mselves extensively used to 
wat<‘rproor concrete ns mentioned on pages 428 and 431. Some pro- 
pric'tary compoundH are stdtl mixt‘d with Portland cement ready for 
use, where the addition of speeinl mat(‘rials and special treatment a 
water rcpelhmt cement is obtained. Appaiamtly the wat.erproof quali- 
ticH of this cement an* obtained by using some secret substance with 
tin* cement during tin* process of matmraciure, the chemical action 
takimr plaee In sueh a way that it closes the pores in the concrete 
uithout injuring in any way the strt'Ugth of tlie cement. Probably 
wax is introduced into tlic clinker during the process of manufacturing 
tin* cement. 

Borne proprietary ctunpounds an^ sold in the form of a solution, to 
1)0 a<lded to the watc‘r used in mixing the concrete. These are 
viuioiw forms of metallic salts, sucli as chloride of lime and oil emul- 
Htmp solutions are also employ<»d for this purpose. In the 
case of the licpiids, tiie waterproofing property is imparted by the 
formiditm of gelatincnw coatings a!)out the minute particles of the 
foricrcte. Lime soafw, suspendetl in tlje water, are also employed (see 
page 432). , . 

Silictioa of Proprietary Compounds.— Tu purchasing proprietary 
compounds, care niiist he takmi to Heh*ct such as have proved to be 
pcrmiineiit in cfect, as some of tht‘SO conipounds used for water¬ 
proofing purposes lose tlieir cfTect aftc‘r a few days' exposure to the 
weather and arc entirely worthlesH, In the case of many so-called 
widerpumf compoundH of unspecified composition put together with¬ 
out regard to cdicmicid principles, tlm (*lTect upon the endurane^ of 
tini concreti* In iihwdntely unknown. In Hom(3 cases they have been 
found to contain a large proportion of inert substances which iiitertere 
with tlie nominal Hid ting of the concr(*te and materially decrease 
it8 strength while exerting a negative influence upon its permea¬ 
bility. Data in regard to the permanency and waterproof qualities 
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of these various proprietary compounds are not always available, and 
it will be necessary to use much care and judgment in selecting 
them, otherwise their use will prove a disappointment and a needless 
expense. 

It is not proved that these proprietary compounds are any more 
effective than some of the means described at the beginning of this 
article for rendering concrete vrater-tight. 

Inspection and Tests of Proprietary Compounds.— Proprietary com¬ 
pounds being usually purchased under trade names, and their com¬ 
position being secret, there is little that the inspector is capable of 
doing in regard to them. He should, however, satisfy himself that 
the material specified is being used on the work, by identifying the 
packages, and noting that they are unbroken, and contain the proper 
trade-mark, in a manner similar to the inspection of cement (see 
Art. 2). 

Where any expensive work is to be undertaken, and the employ¬ 
ment of any of the proprietary compounds is contemplated, tests 
should be made to determine: 

1. The effect on the strength of the concrete. 

2. Their behavior when subjected to extreme ranges of tem¬ 
perature. 

3. Their immunity to decomposition by various acids, etc., liable 
to reach the concrete. 

4. The effect of admixture of the materials to steel, embedded in 
the concrete. In this connection see page 353. 

Printed Directions to Be Followed. —^Wlien patented compounds 
are used, the inspector should see that the manufacturer's printed 
directions are followed, as much depends on experience to make a 
successful job. He should see that these directions are implicitly fol¬ 
lowed, and variations allowed only in case unforeseen conditions are 
encountered, and where special instructions to cover them are not at 
hand. 

Work Being Done by Manufacturer. —^When the work is being 
done by the manufacturer or his representative under a guarantee 
to secure water-tightness, the inspector should give the latter free 
rein to follow his own methods, providing they are in conformity 
with the general contract. He should, however, keep a complete and 
reliable record of the progress of the work for future reference. Very 
often patented compounds are not sold but are applied by the pro¬ 
prietors. 

METALLIC STEAEATES AND OTHER COMPOUNDS 

Metallic Stearates. —^Besides the materials mentioned above, vari¬ 
ous other chemicals are used to make concrete water-tight. One of 
the most successful of these is calcium stearate, which is a salt of a 
fatty acid. The metallic stearates act as void-fillers and in addition 
also possess in a marked degree the power to repel water. Some of 
the stearic compounds have been used in buildings that are now over 
ten years old, and as yet there is no symptom shown of a diminution 
in their water-repelling property. When first introduced it was feared 
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X they would seriously injure the strt'Uoih ol' tlio eoncrote, hut 
Kudeuee has proved tliut this apprelieusiou was groundless. Metal- 
stearate is the l)ase of many widi-known proprietary eompoundsj 
ieh are usually bought undiu’ trade nani<‘s. 

Usually the (piantity ot‘ finely ground nudallie, stearate added to 
I eernent to make the eonerete water-tight is about 2 per e.cmt of 
( weight of thc' eenuuit. 

Other Oompounds.— Hesides the imdallie stearates, other substanees 
s us(*d to make eonerete wat(U*-tighf; but none of them is as elu^ap 
as efTeetive as those mentioned above, Aitiong tlu'se are; Japan 
X, paralliiUN rc'sin, ami oil tutmlsion. Alum alone, or aluminum 
ne, may be used, but it is mueh eluaiper to use soap in eonmadion 
h them, as mentioned on page 4111, Among oilu^rs, silicate of s(ula, 
nmmdy known as wattu* glass, has Ixaui used. This maltu’ial, how- 
u*, hnids to di»er(*aH(* the stnmgtli of the eonende—in sonu' instaiices 
mueh as fdl per emit. A mixture' of (dl and water has b(‘en us(mI 
[ft fairly good suceesH. 

Alum and lyt' an' somedimes usc'd; but the author <lo(‘s not reeom- 
ud tlu' use of lyt'. (’(‘merit is s*»mt*tim<'H ch'stroyed by contact with 
:aline wati'r, and thend’oia' tin* ly<* may injun' th(% c(‘m(‘nt. IIow- 
u', if lye is nstsl, (»are must be talo'U not to have an excc'ss. A 
L^ht exeesH of alum do<*H not dt'ciH'ase tlu' strt'Ugth of the cement 
irtar or conerfde, but an (‘xcess of dot's. 

PBOPOETlONlKa, MIXING ANT) PLAOING CONOEETE 

Wlmfever ingreditmt m ad<Ied f(» ce.icn'te to render it impermeable 
water, it should be uniformly im*orponit(*d; and the eoneret(^ 
mid be td’ a plastic consistency, and Hhould bt' thoroughly mixed, 
refidl> plaeed, and thor<iughly tampcul. In oth(*r words, reliance 
ist !h' placctl rather tm careful proportioning, tliorough mixing, and 
ecjuatf^ placing tlian on tim addition of any ingix'dieni to ovenmme 
I! result of iit'glecting tliese elementary principh'S of eoncn'tc^ manu»- 
rtur‘e. The cHHential retfuiremenfs for suceiwfid vvatc'iprootlng con- 
8ie work by the liitroduetion (»f foreign Ingredients are; 

1. Homogeneity of Mixture, 

2. Uontinuity of Work, 

3. Boundnesa or Freedom from CraekSj ete, 

Froportioainf Ooacreti.—Tlie proportioiiH of waterproofing ma- 
riala ituHt vary to suit the eharaeter of tire work and the rtH|uire- 
mtH wliicli the eo .ende must meet. The principal advantage of 
trodiiciiig wiPerprocdlng ingredients into concrc'te is to peianit the 
e of II lean mixture, the flue particles of \vdiat(*ver ingreditml is 
ed trnding tc* reduce the vedume of the voids. Fvc'iy ease' must be 
mlied by Itself, since It in fre(|uently cheaper to obtain tlu' raafuired 
itor4lg!iliie« bf using extra miient than Iiy admixture's (see Art. 

Miilng Wattrproofiaf lagradient.—BueecHH in tlie uhc' of any 
‘oper waferprcMifitig iiigredit'iit ahvays depends upon the thorough- 
lis with wliieh It ii incorporated Info tin* eonen'te. Kven distribu- 
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tion throughout the mass is absolutely iieoessary. The inspector 
should see that the waterproofing material is imiformly distrilmtetl 
throughout ihe eonerete. Irregular distribution will result in W(*ak 
spots, wliieh must be avoided as much as possible. 

A proprietary compound in pcnvder form should h(‘ nd<ltai <lry to 
the cement in the proportion sp(‘(*ified by the manufacturer ant! the 
two thoroughly mixed until a uniform mixture is obtained. Tiuler n<» 
dreumstanees should the compound be added after the cement has 
partially set or has been mixed with sand. The sand sliould bti 
slightly moistened before mixing with the cement. 

The eonerete should be made wet (see page IBO). 

Placing Concrete. —-All the concrete should be placed in out* con¬ 
tinuous operation (see page 290), eacdi pouring being flitmmghly 
spaded to insure uniform density. Great care must be taketi in placing 
the concrete so that maximum density will be a(‘cured. In thin ctm- 
noction see Art. 41, page 3B4, 

Bonding New to Old Concrete.— Grc^at care must be exc’rcisetl tn 
bonding old and new work. In fact, one of the ditlicult pnddems in 
be encountered in this work is the bonding of old to new conende. 
In cases where joints are absolutely unavoida!)le, care muHt ho taken 
to clean and roughen the old surface and havc^ it tlmroughly w*d and 
slush-coated immediately before placing additional concrete. If 
reciuired by the engineer, the surfaces of tlie cortcrefe nireiicly net 
should be thoroughly washed with material prt'piired for aucli pur¬ 
pose's. A mixture of common muriatic acid and water in tln^ pro^- 
portion of one acid to three of water may be used to clean the old 
surface of the joint, which should be follcmuHl by a tliorougti washing 
with water to remove the acid. No concrete shcmld he placed upon 
the old concrete thus treated until a competent inspector hiw passed 
on its condition, after which the n(»w concrete may he laid. For 
methods of bonding new to old concrete, see Art. 27, page .127. 

Soundness, Freedom from Cracks, Btc.-—These should he mitiF 
mi7M\ by the use of expansion Joints (see Art. 2B) iind reinforce¬ 
ments, That is to say, by the introductifm of stiMd or the iwe of 
some other precaution to prevent cracks in the concrete nfler it Inis 
set. The inspector sliould be particularly careful that the pbiii are 
properly carried out in this respeet. 

Art. 49. Special Treatment of Surface,— ^Ooating Surface 

YariouB methods of treating the surface of concrete hiive heiut 
employed to increase the water-tightness, lamg conlinitcd frowclimt 
will produce a dense condition such as is found in concrcti* flooi>» 
and sidewalks, which is practically impervious to wafer. This rrictliod 
of treatment has already been mentioned on page 426. llnilfir the 
head of coating surfaces will be discussed all waterproof eoiitiiig.*i 
applied to the surface of the concrete after it has mt Biicli foatinp 
range from a wash to a plaster. 

All methods of surface treatment with waterproof eoiitingii have 
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the disadvantage that they prevent further hardening of the concrete 
as soon as they are installed, because no more moisture can penetrate 
to the interior, and it is moisture which is essential to further 
hardening. All waterproof coatings are rendered worthless by any 
minute crack in the concrete. 

Waterproof Washes and Coatings.—The materials employed as 
surface coatings may be grouped in the following classes: 

1. Alum and soap mixtures applied in alternate coats, popularly 
known as the ''Sylvester'' process (see page 437), and alum, lye and 
cement washes (see page 438). 

2. Cement grout, with or without the addition of water-repellents 
(see page 439). 

3. Miscellaneous materials of unknown composition. A large 
proportion of these are made from secret formulas and sold under 
trade names (see pages 440 and 441). 

4. Paraffine and other mineral bases, applied cold in solution or 
prepared in melted condition (see page 442). 

5. Waterproof cement mortar coating (see page 442). 

6. Specially prepared bituminous products (see page 446). 

All of the above, except classes 5 and 6, are applied to the sur¬ 
faces directly exposed to the action of water. In the case of 
classes 5 and 6 the application is made to the inner surface of 
exposed building walls, their function in this position being not only 
to dampproof but to serve as an insulating film against rapid changes 
of temperature; and in the case of class 6 to replace furring and 
lathing, as plaster may be directly applied thereon. 

ALUM AND SOAP WASHES—SYLVESTER PROCESS 

The application of alternate coatings of soap and alum solutions 
is probably the most effective method of rendering set concrete 
waterproof. This is the well-known Sylvester method of making 
concrete impervious to water (see also page 431), and is applicable 
not only to concrete but to brick and stone masonry surfaces. The 
alum and soap penetrate the pores of the masonry, forming insoluble 
compounds due to chemical action between the alum and soap solu¬ 
tions, which prevents percolation. The application of the process 
gives the concrete surface a uniform color and generally improves 
the appearance. This process has been principally employed and 
is mainly adapted to coating the surfaces of tanks, conduits and 
other water-carrying structures, to render them tight. It has also 
been employed for treating concrete roofs and walls with varying 
success, and for removing efflorescence (see page 347). 

The use of soap solution in connection with alum is one of the 
oldest waterproofing methods. The use of soap alone is more recent 
and less frequently used. The value of the soap alone is also rather 
doubtful, since it is soluble in water and may easily wash away if 
used as a coating before reacting with the concrete to form insoluble 
soaps. This latter is accomplished almost immediately in the soap- 
alum process on adding the alum wash. 
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Proportions. —The proportions irenenilly u^ed are ihree-({uart<‘rH 
(%) of a pound of soap to one' (1) pillon of watei\ and two (2) 
ounces of alum to one (1) pillou of water, hotli suhstjinet's to he 
I)erfectly dissolved in water before usin|4‘. The proport ions cd the 
solutions used in practice vary. Prof. Ira 0. Pakcu* in his hoi»h (m 
Masonry Construction/' !{)(){) edition, states tliat the* soap s<dutitui 
is made by dissolving 2.2 lbs. of hard soap pt*r g’allon of watt*r, ainl 
the alum solution by dissolvini^ 1 lb. of alum ptu' pilltui t)f water. 
The proportions first stated may be varied if batter resnltH are 
thereby secured. 

Mixing Alum and Soap Solntion.-~The soap and alum must each 
be perfectly dissolved belbre using (see page 432), 

Application of Coatings.— The concrete surface sliottld !h* cdt*iin and 
dry before applying any of the washes (see page 4-IH), and the tem¬ 
perature of the air should not be less tlian 50^ F. at the time of 
application of the waslu^s. 

Both solutions should be applied with a soft, flat linwli, the w»ap 
solution boiling hot, and the aliuti solution at 00^ to 7iC F. TIu' w»np 
solution is applied first, and sliould remain on twentyd’oiir |2ll 
hours, or until it is dry and liard, before applying tlie alum solutt^m, 
Second coat should remain twemty-four (24) hours lad’ore fli«^ lhir<! 
coat (soap solution) is put on. In other words, one wash slioiild 
be put on and allowed to dry--usnally fc»r 24 hours—wlitm the other 
is applied. This constitutes onc^ treatment, and a« many tnaitmenis 
may ho given as nec(‘HHary. 

The solutions should be w^dl rubbed in, hut eare must be tiilam 
to avoid frothing in applying the soa() wash. Two s<»ft, flat brurtbes 
should be used, one for each solution. 

On floor work tlie mixture can be poured on ami sma^pi ovf*r the 
floor with a broenn until tlu^ eonen^te has abHorbed all it will 

Number of Washes or Treatments.- Two or more wasliea «if each 
solution should be applied, d(*pendiug upon exfMwure, prei4sure, 
strength of solutions, and oilier local comlitionn. Two wnslieii of eiodt 
solution are said to be impervious to a liead of dfi ft. of water, when 
mixed in the proportions first stated almve. In wane eiinei* im 
many as six treatments have btaui employed. Professor linker stiiti*i4 
in his book on Masonry Construction'' tliat eight wiwlies of etodi 
solution in the second proportions stated above have ttiiule leaky 
concrete impervious under a head of 100 ft. 

Aluminum Sulphate and Soap Washes.— Instead of iwing itlitm itml 
soap 118 above, it is generally ohonpor ami more effeetivii to fiiilwti- 
tnte aluminum sulphate for the alum. 

Alum and Lye Washes.—A wash consisting of 5 llw. nf nlntti 
dissolved in 2 gals, of water, to whicli 1 lb. concentratcfi lye luts 
bean added, lias been successfully uscsl on griam concrittc 

ALUM, LYE AND CEMENT WABMM 

A wash composed of alum, lye and I^niland cement hm limi 
used for making a water-tight lining for tanks find cistenis The 
action of the wash is to form an insoluble comp^umcl witli the «iilpliiil« 



SPECIAL TREATMENT OF SURFACE 


439 


of magnesia and other soluble salts, thus forming an impervious skin 
over the surface of the masonry, making an excellent waterproof 

coating. - 

proportions. —A stock solution is prepared of 1 lb. of concentrated 
lye and 5 lbs. of powdered alum dissolved in 2 gals, of water. One 
pint of this solution is stirred in a 12-gal. pail containing about 10 
lbs. of Portland cement, with enough water added to well fill the 
bucket. The cement should preferably be of a dark color, because 
the result wash bleaches somewhat. Where a 1:2 facing mixture is 
used on the concrete (see page 385), a 1 part stock to about 30 parts 
water will give good results. 

Mixing Alum, Lye and Cement Wash.—Care must be taken to 
have every particle of alum and lye dissolved in the water used for 
the stock solution. Heating to near the boiling point will quickly 
insure this without injury to the mixture. After the addition of 10 
lbs. of Portland cement to 1 pint of the stock solution, enough water 
must be added to insure the mixture spreading easily and working 
well on the surface to be treated with a calcimine or whitewash brush, 
filling all the pores. The mixture will be found to be satisfactory 
when it lathers freely under the brush. The solution must be kept 
well stirred after the cement is added. 

Application of Wash.—Much depends upon the condition of the 
surface to be coated with an alum, lye and cement wash. If the sur¬ 
faces are too dry. they must be well sprinkled with a hose just ahead 
of the waterproofing wash. The wash should be applied while the 
concrete is still green, or within three or four days after placing. 
The wash should be applied on a cloudy day, or while the concrete 
is protected from the sun, and while it is still moist; otherwise, too 
rapid evaporation on the water in the wash will leave the cement 
without the necessary moisture to set and leave it so that it can be 
brushed off. Additional coats can be given on successive days. The 
wash should be applied as soon as practicable without running, rub¬ 
bing it w^ell into the surface with the brush. If the wash is applied 
too thick it is liable to peel off. In a few hours the wash will with¬ 
stand a water spray. If successive coats are properly applied, the 
resultant surface ought not to crack or peel. 

This method is not satisfactory for application on old work. It 
may, however, be applied. In such cases, if the surface is dry, it 
must be thoroughly wetted with a spray or brush before applying the 
mixture. 

CEMENT aHOUT WASHES AND COMPOUNDS 

Plain cement grout has often been employed for a waterproof 
coating, but owing to the fact that such coatings will absorb water 
by capillarity, and also on account of the difficulty of making such 
coatings adhere without peeling, they are not to be highly recom¬ 
mended. However, Portland cement grout is preferable to plaster 
(see page 410) for coating concrete wall surfaces. In fact,^ a thin 
mixture of neat cement spread on with a whitewash brush is quite 
effective, if thoroughly rubbed in. 
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Several prepared eement e^roiits are oti th(‘ marked whieli have 
been treated with water-repellentSy andy having hiijfli ptaietrating 
qualities, they assist the bonding; to the eoueretc' surtnci's, 1 hey are 
sold under trade names and are CTuployed to imparl a Hat tinish in 
various colors to concrete surfaces (see pa^e 401)), as well as tci 
dampproof. 

Application of Grout Wash.- —The surfacu' should clean and 
well wetted with water before applying the wash (see pa^^e 4iH). Tlie 
grout should serve only to till the small pits and pores in the con¬ 
crete' surfaee. (hire must be taken to see that the workmen dt* nc«t 
get a coat of the grout on similar to a skim coat of plaster» as that 
is liable to iieel in cold weather. In this comiection, see pagi' 4011. 

Two coats of ordinary cement grout wash will generally make 
ordinary concrete imp(‘rm('able under a 10-ft. head of water. 

The grout wash is most elTectivc^ if put upon the water sidt» of 
the concrete'; if llu' wall is to he made impervious in both diree™ 
tionsy both sides should he washed. 

PEOPBIETAEY WATEEPEOOF PAINTS 

There are many patc'nted waterproof paints on I lie market that 
may he used to paint concrc'te surfaces. It is im|)ossihIi» to give a 
complete list of all of them, howevery as new ones are being eon- 
timially maun factured. 

Attem[)ts have hei'U made to make special cement paints. One of 
them put on the markc't was purpended to he* a synthetie tri cfiiidnni 
silicate. Tliis same pigment also contained bl) per cent litliopom*. 
Others hav(* added Ikndlancl cement to varnislics and p!ti«»ei! tlieiii on 
the market, but these decompose so quickly, the oil reaetitig with the 
cement, that they were withdrawn. 

Selection of Proprietary Paints.— In pundiiiHing proprietary water¬ 
proof paints care must be taken to scdcad such as liitve proveil to be 
perman('nt in efTect, as very ft*w of tliem are efiadive ft»r long 
periods, because the majority contain oils of some nature wliirli are 
attacked by the alkali in the c(»ment with the prodnetliui of ’^oltifife 
soaps. These are washed away with every rninstorm and the Hurfitee 
soon becomes non-waterproof. Data in regard to the pernifineiiey 
and waterproof qualities of these various proprietary piiititi4 nn* ntif 
always available, and it will be nt'cessary to use niueli care aitil 
judgment in selecting them, otherwise ihfur twe will prove a 
appointment and a needless expense. In otfier words, eiire iinmt be 
taken in accepting these waterproofing paints witliout full kniiwleilge 
of their nature and effect 

In this connection, see inspection and tots of proprletiiry eoiii- 
pounds, on page 434, 

Application of Proprietary Painte.~The comimnitloti of tlioMe 
proprietary paints is generally secret, and when fhev are eiiiplttved 
the inspector should follow the directions of the maniifitelnrer («ee 
page 434). ITe should, however, see tliat in any eiwe at leiwt two 
coats of any material are applied. It is almost impossible ft, obtiiln 
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a surface free from pinholes and other defects on the first appli¬ 
cation. For condition of concrete surfaces, see page 448. 

A wall that is full of dampness should never be painted on the 
outside and inside as well, as in that case the dampness is confined 
in the wall, with no means to escape, and will always dry out 
towards the heat, thus forcing off any paint which may be apj^lied 
to that side. An opportunity for the dampness to dry out from a 
saturated wall must always be given. 

MISCELLANEOUS PAINTS AND WASHES 

There are several other materials that have been used as a wash 
for rendering concrete water-tight, but none of them is as cheap or 
as effective as the alum and soap or as the grout wash mentioned 
above. Among these are alum alone, aluminum sulphate alone, wax, 
paraffine, resin, stearic acid, and oil emulsion. 

Use of Linseed Oil Paint. —Coating the surface with ordinary 
linseed oil paint until the paint ceases to be absorbed is sometimes 
used. There arc two difficulties encountered in using an oil of this 
nature on concrete. First, linseed oil is an unstable compound, and 
does not have a very long life. Again, the oil coming in contact 
with the cement produces a soap which is soluble in water and is 
soon washed off. 

Linseed oil paints must not be applied directly to new concrete, 
or to any concrete which has not been long exposed to the weather. 
The free lime in concrete not thoroughly weathered out by exposure 
to the elements will saponify the oil, destroy its adhesive power and 
its life, and the paint will soon scale off. After concrete has been 
exposed for a long time to the elements, linseed oil paint may be 
used with greater safety. It is difficult, however, to determine when 
the concrete is sufficiently free from lime to render it safe for the 
application of linseed oil paints, and it is therefore safer to avoid 
their use directly on concrete. In this connection, see page 409. 

Use of Silicate of Soda. —Silicate of soda (liquid or soluble glass) 
is \ised to some extent for making concrete building blocks water¬ 
proof (see Art. 55). It answers the purpose very well, but is more 
expensive than the alum and soap or grout washes. 

A solution is made with water, so strong that the water takes up 
all of the chemical that it will absorb. This solution is applied to 
the surface with a brush and well rubbed in. 

Use of Silicate of Soda and Potash.—A wash of silicate of soda 
and potash mixed in about 10 parts of water is sometimes used to 
render set concrete water-tight. The concrete should be free from 
all moisture before the wash is applied. 

Use of LicLiiid Hydrocarbons. —There are two kinds of compounds 
in this class—the first is a solution of paraffine in benzine and benzol. 
This kind of a material has been used for a long period and has many 
advocates. It is readily applied to a dry wall; to a wet one it will not 
adhere, consequently it can not be used to stop the flow of water 
through a pervious wall. 
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The second eompoiind is an emulsion <»f ii judrohnun <iil mid fat oil» 
with water secured by means ot* the ust* of a little animouia. Tin* 
X^etroleum oil would naturally rondcu* the wall water-rc*pellent and tin* 
fat oil nu<>’ht form a soap in the eoncreto which would till the voids. 
The ammonia would soon volatilize. 

Both compounds are of stich a nature that they do nut peiietriili' 
the mass very far and are only very superficial The non voliitilo 
part of one of them is paratline as meritionc‘<l which is inert♦ ami in 
the other it is Iara*ely a petroleum oil whicli reiuaiiw unactial iipuii ami 
under a sli^iit head of water would be forced out. 

PAEAFPINE PBOCESS 

Tbero are now on the market solutions of paridllin^ widcli art* 
applied with a brush and close the surface pores <»f c«iner«*ti% thim 
preventinjjf absorption of water and etllorescnmce Art. Ill K I hire 
paraffine wax installed with the application of liciil is duiibtle*^^ the 
most effective method of preventinj^^ in^resH of moisture. In fiirf, 
it is one of the most durable of all the watcrproollnir iiietlHNli fur 
work exposed to the weather and for preservatitm of buildim: .HtunrM, 
Instead of applyin|j^ paraffine while hot, it may Iw dissoUrd in *^iiinr 
volatile carrier, such as benzine, the carrier evii|ioriitiii|f iind 
the paraffine to fill the pores in the surfaces (»f tim \vall Tlic 
should be specially hardened to resist tho actiiiii. Pnrfilllite iitll 
resist the action of acids and alkalis. 

Condition of Surface.— The concrete surface on which the pnriiilltic 
is to be applied should be smooth and free from alt priijrctiimH, 
Holes sluudd he filled up (see Art. 30). Biirffice to ho cIchii iuhI 
thoroughly dry, not only on surface, Init all tlic way in. In fiirt, it, 
is better to warm the surface with a torch if iwissihlc. 

Application of Paraffine.— Tlie paraflini* should hi^ licufod and 
tlien applied with a bmsh, or if requiri»<l by tli# ciiKliiccr the Hiiriii-t* 
should first be treated with artificial heat and, when siilllclciitly 
molted hot paraffine wax applied thoroiiKlily, well riililinl iii, 
all coimers, recesses, etc. 

At least two coats should be used wlten tlio ptirttflliip is iipiiiinl 
cold, and in severely exposed locations three roiitu itrc inhi^iitliii*. 
If the carrier is inflammable, care must fie tiikim iii it, Fin* 

should be kept away from the material during uppllciitififi. 

Oare^must be taken to avoid an excessive use of piiriifllii#, wldrli 
would pve a flossy, oily appearimce <o the iiirfimm 

The hot paraffine should be applied by flume speciiilly is|fti|i|ied 
for and experienced In this kind of work. Tlici wmktmm uhmM iil 
all times be under intelligent supervision. 

WATEEPBOOP CEICENT MOETAE OOATimB 

One method of waterprocdlng crmcrete flmt h h to mni 

the surface of the concrete with an impervloiw ceriiciit tinirtiir wiatiiif. 
Bometimea this coating is simply a rich, dense ceiimtil ifinrtiir 
page 435), sometimes it contains a waterprmifing coiiifsiiiiifl Btiiitliir 
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to those mentioned in Art. 48, and sometimes a special waterproof 
cement is used (see page 433). Rich cement mortar mixtures offer 
considerable resistance to penetration by water, and when well made 
may be used with a fair degree of success to waterproof ordinary 
concrete. A rich mortar plaster will reduce leakage, and ma^^ prevent 
it entirely, but it is questionable how far it will prove water-tight. 
A mortar plaster, however, may be made waterproof by the use of 
the alum or soap mixture or some of the proprietary compounds. 

There arc certain features that must be carefully considered in 
waterproofing by means of a cement mortar coating: (i) The inspector 
must satisfy himself that the wall upon which the cement mortar 
coating is to be placed will not crack; (2) the cement coating itself 
must contain a proper mixture of reliable waterproofing materials; 
(3) the greatest care must be exercised in mixing the waterproofed 
cement mortar coating; (4) the coating must adhere strongly to the 
concrete wall; (5) the fundamental principle of complete continuity 
must be rigidly enforced; and (6) the cement mortar coating care¬ 
fully protected while it is setting. All this requires assiduous, pains¬ 
taking work. When properly done, however, it repays the care 
exercised. 

Proportions of Plaster Coat. —The proportions of the plaster coat 
are usually 1 part of Portland cement to 2 or 3 parts of clean, coarse 
sand. (See page 412.) 

Sylvester Mortar Coatings. —^In this class of coatings the alum 
and soap are added to the mortar, which is used as a plaster. To 1 
part Portland cement and 2 parts sand add % lb. of pulverized alum 
for each cubic foot of sand and mix these ingredients dry; then add 
the proper amount of water, in which has been dissolved % lb. of 
hard soap to the gallon. The mortar must be mixed thoroughly. 

Another recipe for such a mortar is given as follows: Powdered 
alum (1 per cent by weight) is thoroughly mixed with the dry cement 
and sand, and about 1 per cent of any potash soap (such as ordinary 
soft soap) is dissolved in the water used in mixing the mortar. The 
mortar must be thoroughly mixed. 

Proprietary Compound Mortar Coatings. —To each bag of cement 
add dry the waterproof compound called for in specifications, in per¬ 
centage directed by the manufacturer. Manipulate until the appear¬ 
ance and color indicate that a uniform mixture has been obtained. 
Mix the cement thus waterproofed with sand in the proportion of 
1 cement to 2 sand (or other proportions, as may be required by the 
specifications). Sand is to be absolutely clean and well graded from 
coarse to fine. Sand need not be sharp (see Art. 8). Sand is to he 
moistened, waterproof cement spread over it, and the whole manipu¬ 
lated until a homogeneous waterproof coating is obtained. In this 
connection, see page 435. 

Thickness of Plaster Coat. —^It is usual to apply a continuous coat, 
% in. thick, of waterproofed cement mortar plaster to vertical sur¬ 
faces, and the same plaster 1 to 2 in. thick on floors. 

Preparation of Surface. —The difficulty with this method of water¬ 
proofing is to make the plaster stick. The surfaces must be thoroughly 
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mod and roughened by sioed brushos, or oquiuilonl, !>fluro tin' 
iin^ is apidiod. JMost failures with plasterini*' cH^uir bmitiM' tin* 
face is not absolutedy (dean. The plaster eaii U'^iinlly !»* niad(* to 
lero if the eonereto wall is thoroiiirhly and repeatedly uiiMbed with 
ter; but if the wall lias a dt*nse, hard surfiiee of nearly neat 
lent, it may be necc^ssary to (dap and wtredinHUii the snrfaee to 
love the skin or or apply a solution of <H‘«rniiiry niiiidjitie 

d in water to dissolve out tin* (‘enumt and roiuilieii the sitrfiiee |m*i‘ 
fe328), followed by a thorough waslung wltli eleiin wjiti»r to reiiii»ve 
trac^es of the acdcL A eoat of ordinairy whitewiiHin or a Ltyer of 
:an(»e (s(‘e Art. 31), or an almost invisible film of the oil or vnaHi* 
d in oiling forms (see Art. 18, page 211), will keep flie ptiisirriiig 
m adhering iink'ss they are earelessly rermn'ecl. In eofiiifr» 
1 , see page 410. No plaster slioubl be pbieeil on the wiiIIh thus 
ated until a e(mipetent inspecdor has passed <ui Its eoinliiiiuL 
When the surfaee has been properly prepared I be inllieHion is 
mg that the plaster can only with tlici grealesf iliflieiilty !»e 
arated from the wall. 

Drenching SnrfaceB.-— Just before the main iiiorfar emitiii*? in to 
applied, the properly prc'pared walls whould be tlioriiiiglily ilrmielieil 
I soaked with water to its full iilmorblng eitpiieify. 

Slush Coating,— “Befeu’e the wall shows tiiarkeil sinus of ti 

ush coating’^ should be applied To prepare tlm, mtm* of the 
:ed, ready-for-uae coating may be thinned mdtii wilier to Hit’ roio 
cncy of thiede cream, or a coat of omtwni groiit iiiiiy tiMeil The 
d (*.oating may ho applied with a palnitdfo or witli mi 
mg-fibared scrub brusli, with a scouring elTect, eiire ludinr oxinrm^l 
fully cover in this manner tfai inner stirfitees of all rnnirr^ iimi 
3s. It must be rubbed well itito tlm surface. 

The cement may be sprinkled on the iiwieiul of Iteiiig 

died as a grout. The neat cement will niiike a firm juitif Imlwpcn 
wall and plastering. Tlui plaster itiimf be Itiiiiifiliiitrly 

sr the neat cement baa been cbwted or tiii. If iln^ m.iit 

lent is uscal as a paint it must be friiHhly mixetl in mumth 

every few minutes and followtid by liefore if iuiM 

This slush coating may be made by a tliorcitigli iiilxiiiii of wntiu* 
ofed cement in water to the consiiteiifty of ereaiii, of 

ig ordinary cement grout. 

Sometimes the surface m covered with a emit of tiir, iiinl ^rliile 
tar is still tacky the plaster is put on. Tbii tfir ilioitlii 
d< by boiling and should be applied very Imt. ft will tinui fiilbere 
% very smotdh surface. The tar ccnilil be mod iiiuiio if i| irere 
for its cedor and if it did not become brittle by tif iiliilinii. The 
must possess a high degree of elasticity litid (itiriiliiltfv, lituf 
e a gripping power so that plaster can be directly iipplml tlwmm, 
specially prepared for this piirpiwe mity be miiily cililiiiiied remly 
use under various trade names. 

Scratch Coat.-— Bafow^ the slttsh eontiiuf lian nr wbib^ lint 

is still tacky, the first applicafioii «if tlie regiibtrly wiixnl wiiirr 
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proofed coating should be applied as a scratch coat, % to % in. thick 
(usually % in. thick), and pressure brought on the trowel to push 
the coating on, to form a uniform bearing. The scratch coat should 
be troweled with considerable pressure, and to a fairly good surface, 
and scratched before hardening. 

Finishing Coat.—^Upon the scratch coat, before its final setting-, 
the 'finishing coat of sufficient thickness to obtain a total thickness 
of, say, % in. should be applied. The finishing coat should be pushed 
on hard and uniformly troweled and floated to a true surface, free 
from pits, pinholes, sagging cracks, projections, or other defects. 
The floating of the finished surface should be done from the bottom 
of the wall up. In this connection, see also Art. 51, page 484. Special 
care must be exercised to apply this finish coat before the first coat 
has reached its final set. Several succeeding coats may be applied 
instead of one, until the desired thickness of mortar has been secured. 

The composition of the finish coat as well as that of the scratch 
coat should be 1 part waterproofed cement to 2 parts sand, well 
graded and piwiously moistened, as mentioned on page 443. 

Applying Finishing Coat After Scratch Coat Has Set. —Should 
there be cause at any time to prevent applying the finishing coat 
before the scratch coat has already set, then the latter should be 
thoroughly rinsed and slush-coated before the finishing coat is 
applied. (See pages 327 and 483.) 

Eemoving Coating Which Has Become Set. —Any portion of the 
coating which should become set before it has been properly floated 
and finished should be entirely removed by chipping, and replaced 
with freshly mixed coating in the manner described above. 

Joining One Day’s Work to Another. —The joining of one day^s 
work to a previously applied and hard-set coating should be straight 
edges, cut at the time when the older work is being finished. To make 
the joining the edge should first be scraped with the edge of a trowel 
or scraper; slush-coating should then be scrubbed into this edge, 
and fresh, regularly mixed waterproof coating should be hard rubbed, 
back and forth, under the nose of a pointed trowel, into the preceding 
slush coat. This point should again be well packed when the floating 
and the finishing troweling take place. In all cases, a continuous seal 
must be obtained. 

Protection of Finishing Coat.— The finishing coat should be kept 
moist, by spraying or otherwise, and protected from sun and frost 
while it is in the process of setting (see pages 335 and 460).^ If the 
wall is under water the pressure should be relieved by drainage or 
by pumping until the plaster has set. In other words, an adequate 
drainage system, including an emergency sump, should be provided. 

Test for Soundness.— When the work has thoroughly hardened 
(three to five days being allowed therefor), sounding with a light 
hammer over the wall should be resorted to by the inspector, to dis¬ 
cover any loose or hollow portions. Any hollow or shelly places thus 
revealed should be entirely cut out with sharp steel points a^nd 
replaced in the same manner as above described. The bond oi the 
coating to floor or wall should at every point of contact be firm and 
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sound. For moiliods of ami rt'pairinu dotVctive Kurfacc‘B^ 

see Art. 30^ pap:e 338. 

ASPHALT COATING—BITXJMHSrOUS PKOOBBS 

Asphalt is extensively used for datnpproofin^ exposed huihiini^a 
of snporsirueinres by applieation to tin* interior of sucdi walln; for 
undor^^TOund work, io prevtait absorption of ^rouml diuopnoHs; and 
also for eoalin^^ the covered faces of bnildin.i*: sbrnoH to prevent stain¬ 
ing' and discoloration due to leaching of salts from mnstuiry lateking 
(see Art. 31). Several coatings are usually employed. The asphalt 
may be used alone or in coitdnnaiion with felt or ot!ii»r fabric, an 
mentioned in Art. 50, being applied to thc^ surfaci* or lad ween two 
sections or layers of the concrete structure. Idle* met Inal c»f applying 
the asphalt directly to the concrete surface will nt»w lie coUHiderm!. 

In (lampproofing exposed walls of huildingH hy applieatioii of an 
asphaltic coating cm the interior surface of the walls, inspeefion 
should lie particularly rigid, as failure meiiiw the removal of the 
plaster covering. Furtlmrrnore, the dilliculty in tracing Hoiirees uf 
leakage when the watei'proofing is eovered up makes the repair work 
more uncertain and costly. No spc»cial expert kfiowledge in needed 
for its application, Some judgment, Imweviu', mmi be used in 
selecting the aspludt to be used for waterproofing purpoHes, 

Composition of Asphalt— Asplialt stmuld hi* of flic he?i| grade, 
free from coal tar or coal tar products. It miwt not volatilize more 
than one-half of 1 per cent under a temperature of F. for III 
hours. It should not be affected by 20 per cent solution of ainmonia, 
35 per ccuit solution of hydrochloric aedd, 25 fier cent Milntimi uf 
sulphuric acid, nor by a saturated solution of aodiiini eliloride. 
Asphalt should show no hydrolithic decom|Mi«ifiori when siiitjorfrd 
for a period of 10 hours to hourly immerKion in water with itlfermile 
drying by warm air currents. 

Bangs of Temparatura.— Where asphalt coatinip are nsed on mir* 
faces exposed to the sun and frost, attention mmt be given to Hie 
fact that a compound of different properties h riic|nireil where the 
range of temperature is great tlmn where this rintge m miiiiller. For 
example, asphalt should have a flow point of 212® F. iind ii lirltth* 
point of 0® F. when exposed directly to sun and front, it^ ewiipnred 
witli, say, a flow point of 185® F. and ii britfle fioifif of fF F, wlieti 
covered from the direct action of sim and front. (Ben iiImo pnpi dfri.l 

OoniHtion of Snrfaca.— All stirfaces to be wfiterproofeit tiiiwf be in 
a condition fit to receive tlie same, namely, cleiin and drv. 

Prepa^g Metal Surface,— Before applying ftsplmlf to a metal 
surface, the metal should be cleaned of all nwt, loope nmh find dirt, 
and, if previously coated with oil, must be btirni*d off w^lfb lienzliie 
or other suitable means. ^The metal surface imtit be warm to etiiible 
tlie asphalt to adhere to it, and tlie warming h bi^t ficwnirirHlied bv 
covering it with heated sand, which should !«» pwepf buck rw flic 
hot asphalt is applied. (Bee page 350.) 

Preparing Concrete Surface.— The eoncrefe utirfiiee miwf be 
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properly prepared to receive the asi^lialt eoatingy or else it will peel 
oil’. The asphalt must be applied when the surface of the concrete 
adjacent to it is dry—not superficially dry, but when the concrete is 
thoroughly sot and the wall is dry for several inches in from the 
surface. Even then it is very dillicult to make hot asphalt adhere to 
a concrete surface, however dry the same may be, unless it is heated 
by artilicial means. Hot asphalt laid on ordinary dry concrete will 
not adhere and can be rolled up like a blanket after "^it is cool. By 
heating the surface of the concrete with hot sand before applying 
the asphalt, the latter may be caused to adhere to the same. If the 
concrete surface cannot bo made dry and warm it should be first 
coated with asphalt reduced with naphtha or with some other asphalt 
paint, applied cold. It will generally be found preferable to use the 
asphalt cut with naphtha, applying it as a painting or swabbing coat. 
This is particularly necessary for vertical surfaces. 

It is dinicult to make either cold or hot asphalt adhere to the 
surface of concrete or mortar when the latter is covered with a thin 
film or skin of cement. To overcome this the surface should be 
covcTed with a finishing coat of mortar composed of one part of 
Porl.land ecunent to one or two parts of sand. If this is not permis¬ 
sible, the surface should be cleaned by chipping or with a sand-blast, 
in order lo obtain a good bond. 

No asphalt should be placed on the walls thus treated until a 
competent inspector has passed on its condition. 

Preparing Asphalt. —The asphalt should be heated in a suitable 
kcdlle to a temperature not exceeding 450° P. Care must be taken 
not to prolong the heat to such an extent as to pitch’' the asphalt. 
Ihd'ore the pitching” point is reached the vapor from the kettle 
is of a bluish tinge, which changes to a yellowship tinge after the 
(lang(‘r point is past-. If this occurs, the material should be tempered 
by the addition of fresli asphalt. In case it should become necessary 
to hold the kettle for any length of time, a quantity of fresh asphalt 
sliould he put into the kettle and the fire banked or drawn. The 
asphalt has !)een cooked siifTieiently when a piece of clean wood can 
be put in and withdrawn, the asphalt clinging to it. (See page 457.) 

Application of Asphalt. —The first coat should consist of a thin . 
layer of hot asphalt thoroughly mopped over the prepared surface. 

The second coat should consist of a mixture of clean sand or 
limestone screenings, and asphalt, in the proportions of one part 
asphalt to three or four parts of dried sand or screenings by volume. 
This coat should be thoroughly mixed in the kettle and then spread 
on the surface (or first coat) with warm smoothing irons, such as 
are used in laying asphalt streets, and thoroughly tamped and pressed 
into place. The irons must not be hot enough to burn the asphalt. 

The finishing coat should consist of pure hot asphalt spread 
thinly and evenly over the entire surface, and sprinkled with washed 
roofing gravel, torpedo sand, or atone screenings, to harden the top, 
especially when the coating is to be covered with earth or broken 
stone, so that the asphalt coating will not be damaged. 

The first coat should he allowed to set up before the second coat 
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is applied. Coatings should be well rubbed in in corners and recesses 
and should be continuous throughout. 

Thickness of Coating. —The entire coating should not be less than 
% in. thick at the thinnest place. The thickness of the coating will 
depend upon the character of the work, and may vary from % 
to 2 in. If a very thick coat is placed on a vertical surface, heat is 
liable to make it run unless it is supported in some way. 

PREPARATION OF SURFACE 

Condition of Surfaces. —All surfaces, before the application of the 
waterproof coating, should be prepared by chipping off their entire 
skin, so that an entirely new surface is produced. The concrete 
surface should be thoroughly chipped (or wire-brushed) not more 
than two days prior to the application of the waterproof coating. 
Before applying the coating it is important that the surface be 
clean, free from foreign matter, and in most cases dry; and a 
competent inspector should oversee the conditions. In each ease all 
loose dirt, shavings or foreign substance must be removed from the 
surface to be coated. 

Where cement coatings are employed and the waterproofing 
depends upon the setting of the cement, the surfaces should be 
damp or wetj so that the water necessary for the setting will not be 
absorbed by the concrete. Where the waterproofing depends upon 
the penetration of the material into the pores, the surfaces should be 
dry, to increase the penetration as much as possible. 

Surfaces should generally be smooth, holes filled up, and projec¬ 
tions removed. Projections are likely to be injured by scaffolding 
and to admit water at such points. Not only does a smooth surface 
make the application easier and more certain; it is also more 
economical in material. In the bituminous process (see page 446), 
however, where the material is applied on the inner surface of 
exposed walls and plaster is to be applied directly on the waterproof 
film, the surface should be rough. This is necessary in order that the 
plaster may properly bond to the treated surface. 

The work should be done in dry weather when no water is 
entering, or the work properly drained until the coating has a chance 
to set and harden. 

Facilitating Chipping of Surfaces. —The chipping (or wire- 
brooming) of surfaces may be facilitated by a previous application 
of common muriatic acid of, say, 1:10 solution, or a bonding com¬ 
pound, the strength of the solution depending upon the age of the 
wall (see page 328); or the use of the bonding material may be 
deferred until the chipping has been completed. Allow the acid to 
remain until it has exhausted itself, which will require at least ten 
minutes. A second liberal coat of acid solution should be applied 
before removing the first. A third coat should be supplied if the two 
applications have not satisfactorily exposed the aggregate and entirely 
removed the skin of hardened cement. Instead of using several coats 
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of tlie aeid solution in tiio proportions given above, it may be made 
ill proportions oi* I to 3 or 4, ami only one coat used. (See page 339.) 

Kemoval of Unspent Acid.-—In east‘ aeiil or bonding powders have 
been eniphiyed, all unspent aeid .sliould be removed by rigid appli¬ 
cation of the hose, iminmliately after the aeid treatment has rcaehed 
a satisfactory stage. Any nmiaining traces of acid may be detected 
by tasting the wat(‘r left on the surface, 

Brnsbing of the Chipped Snrfaces.—The dust, dirt and loosened 
material must be compltdely removed from the chipped surfaces, 
either by scrubbing with stiff wire brushes, water nozzle under good 
pr(‘SHure, steam jet, or other suitable means. An absolutely clean 
surface should be obtained not further ahead of the coating work 
than 24 hours. 

Filling Voids.—All holes shoubl be tilled up—large holes with the 
watcu’proof concrete, ami small lioles with waterproof mortar. A 
perfect bond must at all points be secured with the underlying 
concn*te. In this connection, see Art. 30, page 338. 

WORKMAITSHIP 

Wliatever method is employed for coating the concrete, the 
inspector should always see that tlie surface is properly prepared as 
described aliove. The essential roquiramentB for good work are: 

1. Homogeneity of mixture. 

2. Ckmtinuity of work. 

3. Soundness or freedom from cracks, etc. 

4. Uniform ami eflicient bond of coating to concrete. 

Homogeneity of Mixture.-.-The inspiictor should see that the wator- 

protditig material is uniformly distributed throughout the coating that 
is to lie applied. Irregular distribution will result in weak spots, 
which siuHild be avoided as mucli as possible. 

Continuity of W 0 rk,-"”The inspector should see that the applica¬ 
tion of the coating is continuous throughout and tliat all portions 
called for on the plans receive waterpmollng treatment. Any omis¬ 
sions at corner, cornices, around windows ami other points will 
break the continuity of tlie work and will nullify the object which 
the designer has endeavored to attain, ami may prove fatal to the 
final success of the work. The surface should he gtuu^ over care¬ 
fully ami retouched wliere necessary, in order that tlu^ coating shall 
be uniform. A complete, unbroken film must entirely coat the sur¬ 
face to be covered, ami tills requirement is esHcntial to succchh. Watt*r 
and dampnesH will fintl their way ilirougli the smidleHt pinholes, there¬ 
fore a thcmnigli coating is recpiired. 

Soundn^, Frtodbm from Cracks, Etc.—^These should be mini¬ 
mized by the use i»f expauHion joints and stc^el reinforcememts. The 
iriipeetor should be particularly careful that the plans are properly 
carried out in thi« renpect. 

Unifona and Efficient Bond.—The bond is an important matter 
where the waterproofing is done by the applicsation of a coating to 
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the concrete surface. The coalinu* shuuhl he hotnoireutmtis. eont 
sound, and uniform. A ^‘ood bond will re<iuire: 

1. Correct mixture of the coating materiiils. 

2. Proper condition of surface to n*ceive the continir. 

3. Thoroughness in application. 

4. Carefui connection of oiu* day’s work luiotlier. 

Art. 50. Layers of Waterproofing Material—Mambrant 

Method 

This method of making concrete waterproof consists lti snrroiinib 
in.e^ the structure with an impervious sliitdd. envelope nr nnniihnuie 
wiiich keeps the water away fj'oni the concrete. Hi riel ly Hpeakiiig, 
this is not a method of renderini*: concrete inipin-vions. 

DEFINITIONS AND FUNCTIONS OF MATEKIALS USED 

The common bituminous-membrane metluid in flu* 

a fabric, (paper or fell) saturated with bituminoiis niHleriiil aiid n 
bituminous binder. 

Binder.— Uy a hinder^ m the word would imply, is iiieniit a 
material that binds two surfaces tcjgetlier; tliiit is, itii lidliesivti 
material. 

Bituminous Material—Iiy a biinmintHtg muifriii! is nieant itny 

material containing: a large proportitm ttf wilid or seiiii-Milii! hiliiiiuui, 
bitumen being that portion of pitrh that h wdiilile in riirht»ii ld*4til. 
phide, beny.ol, petroleum, (dher, or other similar Hid vent, 

Pitch.— The exael meaning of the term /iilrli ^Inuiltl he clearly 
understood, so as to remove some widespreinl iniscoticeptioiH. Pilclt 
is a general term, and it may he applied inclWrimiiiitfel^ to emil tar 
(see page 453) and also to the resirunw sap tif fiiiie free'^, or to 
asphalt (see page 453). All kinds of pitch him* in eiiiiiiiiiui the 
property of resisting the pcnelriiticui of wnler, itlthiuigh iii ii ii-reiiler 
or less degree, so that the name itself hm heeorite with 

the waterproofing quality. 

Saturated Fabric.—As its name implies, miiumtt^il fnhrit is tiofliiiiif 
more nor less tlian an alworbent fabric thiit liiw lieeii piinsnl fiiroii|,tl 
a hot hath of luiuid reflntul tar or prepared iisplialt of roiiHiHl' 
ency as to penetrate its structure fhonmgtily. Mipeilltitnm tiir nr 
asphalt being wpieezed out between rollers. After tlim treiitiiimit flie 
fabric is subjected to an aging process, wliicli fiiiigliiuw it itiiil fiiiilceH 
it^ ready J’or use. The bituminous binder and the Hiitiiriitittg iiiiileriitl 
with which the fabric is prepared should be similiir in idiiiriteler, in 
order that the union between tlie fabric and thi piteli biitder may be 
as intimate as possible. 

Functions of the Fabric and Bituminous bitiifiiiii iiw 

membrane is built up in place* in siieceHitve Iiiyern eiiiiHiHfinif iif 
several—usually four or more-».«4hicknesKf« of waferprotifed jiii|iei 
or felt, cemented together witli tar or wit It fiwplifilt. itnd iluitild furiii. 
when finished, a practically homogeiieims and efiiitliiiiDtifi Witferiirriiif 



MEMBRANE METHOD 


451 


onv(^lopt‘ or shield. Th(‘ fuuetioiis of the saluraied fabric* (paper or 
f(‘lt) and hituininoiis binder should be ('hourly uiidcu'stood. The use 
oi’ <lu‘ fabric* is (o sc‘rv(‘ as a retaiucu’ oT (he pileh or biliuuen; that 
is, the* fahi'ic* s(*rvc*s to hold the* bitumc^n (tar or asphalt) in phu*e, 
while the latter is the* waterpiMotina; inatcudal. 

Kvcui thouirh pit eh or bitiuiuui appcuirs hard at ordinary tempera¬ 
ture's, it is soinc'what viseous and has the property ot‘ flowing’ undc'r 
modc'rate but <*ontinu(ul prc'ssure. This tendeu(*y to (low is c*ount<‘r- 
aetcal by usiii|i: it in thin layc'rs bc'tvvcHUi sue(*c‘ssive eoursc's of 
absorbc'ut fabric*. The piteh or bitinnen penc'tra.tc\s the* fabric* and 
the* fabric* sc'rvc^s to hold tin* piteh or bitumen in pla(*.e and to i^ive 
streni^:th, very mueh as clocks the hair used in mortar (see pag'e 412). 
Tht' fabric* also (‘Uabh's the piteh or bitumc'u to resist oi’dinary pres¬ 
sure* and to bridfzc* small flssuiw caused by sc'ttlc'mcmt. The fabric* 
is tlu'rc'forc* an (‘ssc'utial part of tin* combination, but, as should lie 
<*lc*nrly umh'rsfood, it is not in itsc'lf the* wateriu’ootlni^* mat(*rial, and 
must at all tim<*H la* complc*t(*ly c*ncloHi‘d by an uubrokc'n layc'r of 
pitch or bitumc'u. While* the* fabric is not in itsc'li’ the wat(*rprootin^ 
malc*rial, it must of its(*lf be* wati'rproof, so that c*ach individual lay<*r 
may s<*rvt* as an ind(‘pendt*nt barri(‘r to the* passa.ue of wat(*r, while* 
the* infe*rmc*diat(* coatiriir of pitch or bitumc'u must individually 
supplemcmt this watcn’prooflnir c|uality and eedlc'ctivc'ly bind the series 
of plic'H into a pliable HlH*<‘t of substatdial thicknc*HH. 

The* particular attribute's of a satisfactory pitch or bitumen are 
discuHse'd on paire 453, and of a suitable fabric* on page 454, 

SELECTION OF WATEEPEOOFINO MATBKIALS 

It iH impc'rativc* that no chnncc»H be* takc'ii in the selc'ctlon of the 
bituminouH bimhu* and tin* watc'rproofed fabric, for the* risk is to<» 
trrt*at“' to make n bad job may entail an c^xpt'UHc* tc‘n tei tvvcmty lime*H 
th(*ir ori*:inal tirst e*oh(. lienee* only the* vc'ry best of mate'rials 
Hhoidd be etnployecL 

Bituminoiii Binder, The source of the pitch or bituminoim binder 
is a cjue'hditni of gre*at importance, laa'ansc* on its ability to rc'sist the 
dlssoKiiiir aetion of watc'r rests the permanc'iiec* of Its wiUc'rprooflng 
efTeet, In nmhTyround work the action of the water is H(um*lim(*H 
made more ilillleult to re*sist laH*auHc* it eemtains sewage, drainage* 
from mannfaetnrtng eHlahlisliments, gas, lieiuor, etc., which have* a 
sidvent action eni poor pifcli or hitumem On a roof, it is not only 
(he dirtHolvtiiir ne*tion of wat<‘r. but also the* elTc'cts of sun and wind, 
Iieai iiml I’edd, that mnsf be* withstood. Tlie ceirroding infhu'nce* of 
tlu'se lureiicies is so strong that few miiteriuls can re'sist it for longer 
tlian a few y<*arH. 

(’ofd-tar pfodnclH de(e‘rie»riite w!u*!i exposc'd to moisture*. Home* 
asphalts lire more* suit aide* than edhc*rs tbr waterproedlng purpeise's; 
tlieri’fore the prope*rtieH c»f any asphalt intendc*el for wate*rpiootlng 
simuld he tlicireeiighly investigate*el (H(*e page 454). 

Tar Paper. Time was when so»enlle*<l tar pa}H*r was the best and, 
m fact, praediciilly the only material available for use in tlie then 
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undeveloped practice of waterproofiut^ by (he nieniiu'iine nieflttHl. 
Before tlie general advent of wood pidp even the paper untai lur 
building pux*poses was of good cpialityt witli distinet fiber ntui 
able strength. The eoal tar used for saturafion was likewise of far 
higher grade than is generally employed today. It is not strange, 
then, that work executed years ago with such relatively gotid inateriais 
should, where not exposed to umluly destructive ageneit^M, ho now 
and then found to be in good condition. It is this very fact, e<»m- 
bined with lack of knowledge or prcjgrc*SH in tlie science of wiitei% 
proofing, that still leads some to enpiloy the* present-diiy tiiiiteriiils 
which pass under tlie same name. 

But tar paper (or even coal-tar felt) is today ortliniirily it cheap 
material of little strength and less cmduriince under the searchitig 
requirements of modem waterproofing construction. The paper la 
usually of short fibei% hard and brittle. The con! tar twed as n 
saturant has been refined to sueh a point in carder to ctfnict the 
various products which are more viiluahle for oilier piirpoHcs, tliitt 
the eoal tar loft and used for saturation is practically nothing but 
a residuum of little value for any purpose, (Hee pagt^ 454.) 

Burlap or Similar Woven Fabric,—diurfap or n similarly woven 
fabric is sometimes u.sed with tar and asphalt to givo fliom clfisticily. 
Fundamentally the complete vc'getalde chariictcr of iiiiitcriiil in 
objectionable, for it is posseHsed of littb* diirahPity when vnpmml 
to underground conditions. The fact that It m woven «till furtlifir 
eontribnies to its unworthiness; for, unlike a tiiiiforiii fiilirir 
to felt, or even paper, its liody consists of iiiiitcriiil iind 

interstices. If the asphalt or tar becomes crackcil, siicli iiiiilerial 
offers no additional protection. 

Waterproofing Felts.— Fonsiderable attention ^lunild be given to 
the selection of a waterproofing felt, owiriir to flic ffcvidopifierit of 
various fabrics universally called waterproof itltlmtigli |w>«- 

sessed of that quality in various degrw^. Wnterproofiieiii, plsiiliilily 
and durability are obviously the prime essentials in a ifoml wnter- 
proofing fait. As in all matarialK, the quality of flic flnisliwf firfMliict 
depends upon the individual qualities of its Ingrcflieiil^, The tixiiclifig 
demands made upon a waterproofing f<4t find Its ndativc ^infill cost 
as compared with tlie damage which may result fntttt imwsIIiIc 
riority, make it imperative that only the vi»ry liigliiwt griiil# of 
materials should be usad in its man u fact tire. But tlie ijiiiility of tlie 
ingredients, even though of the best, do#» not alone flideriniiiti tin* 
real value and efficiency of the prmluct wlieii ipcil fur it npndflc 
purpose. Cliaracter and Buitahility in view of tlie cfinditioiw are of 
equal importance. (See page 4M.) 

SOimOBS OF BOTFLY OF BITOMIHOOT MATlFLUii 

The pitch binders, saturating arnl coating coiniaiiiiiila gfniiiralty 
used in^ bituminous water|)roofing, arc either cnid far or iiniiliiilf, 
The basis of either of these materials i« hitiimen (mn* fmiri* iitiii 
they differ from each other in the amotint aiiil fiiaracler cif tlio 
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oilier ln.i,nv(lit‘ii(s present, eorrespoiuliiig to the sources from which 
they an* (haiviMl. 

Varieties of Bitumen.-- One oL' the groups of mineral substances 
composed of dinVreut hydrocarbons, vv'hich are widely scattered 
throuKimut the world, is known as bitumen (see pa^^e 450). There 
is a i,n-eut variety (d‘ forms in which bitumen is found, rangin**’ from 
volatile Ihiuids to thick semi-tluids and solids. These are usually 
intt*rmix(*d with dilTerimt kinds of inorganic or organic matter, but 
arc* sonu'timeH fcumd in a free or pure state. Liquid varieties are 
known as naphtha and pvlrolvivm; the viscous or semi-fluid, as maltha 
or minrral tar; and the solids, as anpluiU or asphaltum. 

Asphalt.— -.hNjdm//, or asphaltum, as it is sometimes called, is la 
natural bituminous material, as mentioned above, and is found in a 
mc»n^ or less adviuic(‘d state of distillation. The asphalt commonly 
uschI in America is obtained either from Trinidad or from Bermudez, 
vvIhu'c' the most notcsl dc'posiiH are to bo found. That obtained from 
the former place is known as Trinidad pitch-lake asphalt, and that 
from the* Iattt*r place as Vcnv.:uelan asjihalt. Deposits of nearly pure 
asphalt urn arc* found in Utah, Mexico, (hiba, and dillerent parts of 
the United Kiatc's. Varietlc's of nearly [mre asphalt are known as 
wurt^iiitr, clatrritc, and pUmmitc, (h’ude asphalt is put through a 
pro(*«*HH of manufacture or refining before it is used for waterjiroofing 
purpose's. 

Coal Tar. Coke is a fued ukchI largely in blast furnaces. It is 
made by heating soft coal, Uoke bears the same relation to coal as 
cduircoal do<*H to wood. In the manufacture of coke, the heat drives 
gases out of the. eoal, and at the same time a black, viscous, biiumi- 
uoUH material is obtain<‘d from the coal, leaving the coke. This 
matc'Hal is eori/4r<r, uHC*d in manufacturing and waterproofing. The 
crude* cf»al tar is put through a process of manufacture or refining 
bc'fore it in used for waterproofing purposes. 

OOMPOBITIOK OB PEOFBETIES OF MATEEIALS 

laiyers of waterproofing materials used in the membrane method 
range from ordinary tar paper laid with coal-tar pitch to asbestos or 
iisphiilted felt laid in asphalt. 

Quality of Materials.— Both the cementing materials and the fab¬ 
rics, in order to be serviceable for waterproofing operations, must 
be elastic atul durable and retain these properties throughoui tlie 
range of temperiitura t«) which they may possibly be subjected after 
being placiitl in the work. 

Flowing Point of Bitumen or Pitch.—The relative low melting 
point will reiuiily dktinguisli whether a coal tar is being substituted 
when iwphnli i« specified, and, in addition to the weight and flowing 
|mint, the characteristic falor of tlie tar will detect substitution. 

Adiiltcriitiou of the asplialts with cheaper petroleum products or 
other foreign brand, usually specified, will also make itself known 
in till! lowtsr fhiwing and lower flaming point, the p(*trokmm oils 
decreiwlng these ptnnts in accordance with the amount present. 

When bituminouH products are specified and dtdivered under 
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trade names and are to be applied cold, the flowing point cannot be 
used as a factor so readily, but such material should also be tested 
for brittleness under low temperature, and stability at high tempera¬ 
ture and acids tests should be made to determine their immunity 
from ready attack by acid present in the ground water. 

Weight of Bituminous Materials. —The weight is also a distin¬ 
guishing feature between coal-tar pitch and asphalt, and will aid the 
inspector in his work. Standard roofing coal-tar pitch weighs 11 lbs. 
to the gallon, or ISO gallons to the ton. A cement barrel of pitch 
weighs about 300 pounds. A good coal-tar pitch for waterproofing 
should weigh 70 to 80 lbs. and a good asphalt 90 to 95 lbs. per 
cubic foot. 

Composition of Coal-Tar Pitch. —Soft coal-tar pitch should be 
used. It should be straight-run pitch, distilled directly from American 
coal tar, one which will soften at 70° F. and melt at 100° F., being a 
grade in which distillate oils, distilled therefrom, have a specific 
gravity of 1.105. If soft pitch is not obtainable, hard pitch may be 
used. Hard pitch may be made soft by adding dead oil in quantities 
not exceeding 1 of dead oil to 30 of hard pitch. Soft pitch, however, 
is more desirable. 

G-rade of Asphalt. —The asphalt used should be the best grade of 
Bermuda, Alcatraz, or lake asphalt, of equal quality. 

Composition of Asphalt. —The following requirement for asplialt 
is that given in the specifications for the New York subway (('on- 
tract No. 2, June, 1902, page 107), approved by Mr. William Barclay 
Parsons, Chief Engineer: 

^^The asphalt shall be a natural asphalt or a mixture of natural 
asphalts, containing in its refined state not less than ninety-five (95) 
per cent of natural bitumen soluble in rectified carbon bisulphide or 
in chloroform. The remaining ingredients shall be such as not to 
exert an injurious effect on the work. Not less than two-thirds of tlie 
total bitumen shall be soluble in petroleum naphtha of sevenly (70) 
degrees Baum6, or in acetone. The asphalt shall not lose more than 
four (4) per cent of its weight when maintained for ten (10) hours 
at a temperature of three hundred (300) degrees Fahrenheit.’’ 

Waterproofing Paper. —Tar paper is usually of short fiber, hard 
and brittle. The coal tar used as a saturant is sometimes refined to 
such a point in order to extract the various products which are more 
valuable for other purposes, that the coal tar left and used for satu¬ 
ration is practically nothing but a residuum of little value for any 
purpose. Tar paper should therefore be very carefully inspected 
before being used. To be efficient, a paper should not be temporarily 
waterproof, but permanently waterproof. The stock from which the 
paper is made must be good. No poor paper can permanently hold 
its waterproof qualities, for the waterproofing soon dies out, leaving 
a brittle and lifeless paper to crumble and rot away. 

Waterproofing Felts. —Felt used in waterproofing should be com¬ 
posed of asbestos or other equally non-perishable material. Wool is 
invaluable in a waterproofing felt, because of its superiority to other 
available materials as an absorbent of the saturating compounds used. 
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Its percentage, therefore, determines the possible degree of saturation. 
The felt should contain an amount of wool equivalent to from a 
minimum of 20 to a maximum of about 30 per cent of the weight of 
the unsaturated fabric. A lesser amount would leave the felt inade¬ 
quately waterproofed, while a greater amount would so increase the 
relative amount of saturated compound as to decrease the strength. 
In othei words, the proportion of wool should average about 25 per 
cent. The balance should be made up of such material as will best 
serve in combination with the wool and the saturant to form the 
most pliable, durable and waterproof fabric. 

The ash from the unsaturated felt should not exceed 5 per cent 
by weight. 

Soapstone or other substance in the surface of the felt, to pre¬ 
vent adhesion, should not exceed % lb. per 100 square feet of felt. 

The felt should be properly treated with pitch, asphaltum or 
oiher suitable material. The saturating and coating compounds should 
be of a character capable of remaining plastic after long heating 
(Cor at least 10 hours) at a temperature of 250° F. The coating 
must not crack when the felt is bent double at ordinary temperature. 

The saturating and coating compounds used in the felt must not 
only serve speeiheally as insulation against moisture, but it must 
remain unaffecied by combined contact with water or dampness, even 
at high or low temperatures. The satnrant must not deteriorate with 
age and must be capable of resisting the chemical action of all ordi- 
na.ry agents whicdi may be found in ground waters, escaping sewerage 
and the like, and permit the felt to remain permanently pliable. In 
its l)est form such a compound should be a combination of gums and 
miiK'ral non-volatile oils insoluble in water. All injurious chemicals 
must be eliminated. 

The felt should be capable of easy application, being soft, pliable, 
and tough when received from the factory and placed in the work. 
It should have a natural affinity for any mineral pitch, distillates 
of straight asphalt or straight coal tar, which may be employed for 
cementing the sheets of felt together in the process of applying the 
work. 

The weight of the wool felt before saturation should be from 5 
to 6 lbs. to the square of 100 ft. When saturated and coaled one 
side with asphaltic products it should weigh, roughly, 12 to 14 lbs. per 
square of 100 ft., while tlie weight of a similar area saturated and 
coated on both sides should range from about 14 to over 16 lbs. 
Standard saturated felt is 32 in. wide and weighs from 60 to 65 lbs. 
to the roll. 

The quotient obtained by dividing the tensile strength in pounds 
of a strip of asphaltic felt 1 in. wide, cut lengthwise, by the weight 
in pounds of 100 sq. ft. should not be less than 7.5. 

Tlie (juotient obtained by dividing the tensile strength in pounds 
o6 a strip of asphaliic f(dt 1 in. wide, cut crosswise, by the weight in 
pounds of 100 sq. ft. should not be less than 3.75. 

The strength saturated should be at least 25 per cent more than 
the strength unsaturated, taken lengthwise. 
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PREPABATIOK OP StTBFACE 

The prepunxtion of the surtjicc to bo wuiorprootod so tluit it will 
bo perfectly sniooth is iniportftiit. in this connoctitni^ stn' pjiij'o 44H. 

Condition of Surfaces.— All surfaces to bo waterprootVil shouUl 
be as siuootli as possible and should be dry. All dirt and tortdi^’u 
matter sliould be removed bedore waterprootin.ir is applied. C’onertdo 
must be allowed to thoroughly set, and all unovtm HurfacoH levtd 
up with a coat of cement mortar (see Art. 3(1). The surfaca'H may bo 
smoothed off with a trowed if too rough. No waterpro<ifing should 
be placed on the surfaces thus treated until a competent insptador 
has passed on its condition. It is difllcult to make a luttiminoiw 
shoot adhere to a surface that is either too nmgh, totj wet, eoveretl 
with dirt or other foreign matter, or possewing tcH) tine a glnr.e, tine 
to richness of cement surface. Sharp projendiotw t>n ttu' masonry 
should be removed or they will puncture the waterprcKding. 

Application of Heat for Drying Surfaces.— In particular situa¬ 
tions, where special didicully is encount<»red in Hecaring clryness 
on surfaces to be waterproofed, apparatus ft»r local iipplieathm of 
beat should be used if necessary to e.tp«*dita tlrying of Hurfaeea. 
The method to be pursued sliould la^ in accordance with imwi iippnived 
usage as applicable to the materials used. The <*onercite Hhou!<l liave at 
least 48 hours to set before artificial heat is applital. (Hee page 354.) 

Drainage System.— It is a dilliciilt thing to place the miiterliil 
on a wall reeking with water. An adequate driiiringe system «liould 
be installed and maintained at all times, until the waterproofing m 
completed. It is absolutely necessary to keep down tlie water pres¬ 
sure. If this is not done the material is liable to be pressed of llte 
wall before the supporting masonry is placed. In tlie flwir, where 
necessary, sumps with drainage cdiannels should be provided, ho that 
water may be removed by pumping in advance of the wiiterproofing. 

Additional Layer of Fabric.— If for any reason it is Impriictlealde 
to have the concrete dry, then a layer of felt or treatt»<l fiibrie. In 
addition to those called for in the s|Micificatlon«, should flrnt be liiid 
against the surface, and on the upper surface the fi4t, or treated 
fabric should bo spread the first layer of pitch or aspliiillufn. This 
additional layer of felt or fabric should not be eoiintiid m mw of 
the required layers or plies. Borne specifications require that iiiipliidt 
cut with naphtha shall first be applie<l cold initead of the additiotiiil 
layer of fabric. 

Metal Surfaces.-- “Metal surfaces should be dry and clean, free 
from rust, loose scale and dirt. If previously coateil with oil, ganie 
must be removed with hemline or other sintahle rntiiiw. Wiirining 
may be accomplished by heated sand (see page 3IS6), which w retnovtid 
as material is applied, 

LAYIKa WATiaEtFBOOFIHa MATOMAL 

The waterproof sheet should be applied continuoiwly over the 
whole surface to be treated as shown on the plans; thuii, in building 
structures it should be applied over all footings, walls, eiillir bottoms, 
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luul oil tho other liicc ol jilit ioinidaiioii walls. Lack of coatinuity 
will he fatal to any waterproolinjj;* work^ as water is sure to find its 
way throu^di any breaks, liowever small. 

All Hurfaees to which waterproofing^ is to be applied should be 
made as smooth as possible. On tlu‘se surtaces there should be 
spreail either hot^ nudted pit(di or asphaltum (or other eementiiifr 
material) in a thick layer of uniform tliic.kness; on this layer of 
pitch or asphaltum should h(‘ laid the waterproofing’ fabric; this 
proci'HS should he repeated until such number of layers as may be 
re<|uired have been placed, and a final coat of pitch or asplialtum 
sheudd tlien lie appli(‘d. In the application of these materials certain 
fundamental reepurements must be fultilled upon which the final suc- 
cc'ss of tlie work will larg^ely depend, and it is the duty of the 
itwpector to see that sueh reepurements are fulfilled. These recpiire- 
meuts may lie conveniently class(‘d under the following heads: 

1. Preparation of surface (see page 456). 

2. Pontinuity of work (see page 449). 

3. Ih’otection of waterproofing (see page 4C0). 

Thorongli inspection is particularly essential where the water- 
prooting is to he covc*red or hacked up by pi'otcfcting masonry or 
other material, and thus cannot he r(*adily reached for repairs. 

Joints.layers of fabric should not be laid independently but 
sliingled on consecutively. All joints should be broken at least 4 in. 
on cn»sH Joints and 12 in. on longitudinal, and at least 18 in. lap 
left lit corners to form good connect ions with adjoining sections. 
Special care mtwt be* taken that all joints are well lirok<*n and 
ccmentcel tagctlH*r. A primary requirement with all waterproofing 
laid in layers of fabric is that the edges shall overlap so that as sh(*(*t 
after sheet m liiitl side by side these laps shall be uniform and the 
number of (liicknesHeH be the same in all parts. TJie ends of the 
lad tom iayiTS must he carried up inside the layers on the sides, so as 
to insure a full lap. 

FreparatiOE of Asphalt.*— (ki re must be taken that the asphalt is 
not ♦*pitc!iedP’ This will take place if heated about 450® R The 
inspector can tell when this point is reached, by the change in color 
of the vapor from a blnish tinge to a yellowish tinge. The insiiccior 
Clin further test for the iiufliciency of the cooking by putting in and 
witlidriiwing ii stick of woo<L Tlic asphalt should cling to it. Should 
pitching occur, fresh imilcrial sfiould at once be*. add(‘d to reduce the 
temperature. In case it should liecorne necessary to hold the k(*itle 
for liny length of time (or pitching is to he preventc’d), a f}uantily of 
friii^li iiHplialt shotdd lie fuit into tlie kettle and the fire bunked or 
drawn. The iwphidt when applied sliould be at a temperature of 
not let4s tliiin 259® F. (See page 447.) 

Spriading Fitch or Asphalt.—Fach layer of pilch or asplialtum 
TOiwt complctfdy and entirely cover the surface on which if, is spread, 
wifliout criicks cm blowlioleg or other inqK.'rfections. The compound 
Hliotild not be spread on for more than 9 sq. ft. of surface at a 
time; L e., not more than 3 ft. in front of a roll of felt whicdi is 
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36 in. wide. Tlie mopping of the materials should be done quickly, 
uniformly and thoroughly while it is at the proper temperature. 

For one square (100 sq. ft. or 10x10 ft.) of roof or horizontal 
waterproofing, about 40 lbs. of pitch should be used for each mopping, 
and for one square of waU or vertical waterproofing about 50 lbs. of 
pitch should be used for each mopping. 

Laying Pabric.—The pitch or asphaltum (or other cementing 
material), thoroughly heated, should be applied with a mop on the 
prepared surface, and the fabric immediately rolled over the surface. 
Where it is possible, several rolls should be started at once and the 
cementing compound swabbed on the surface ahead so that there is 
the least possible loss of time in covering it with the fabric and 
pressing the same into position. 

The first roll having been started and mopped, the second is 
placed so as to overlap the first by a width, depending upon the 
number of plies to be laid. For example, if the felt is 32 in. wide 
and is laid 3-ply, the second roll should be lapped upon the first 
about 22 in., or two-thirds of the width; or, if it is to be laid 6-ply, the 
lap of the second roll over the edge of the first should be about 26 in., 
or five-sixths of the width. As soon as the second roll has been suffi¬ 
ciently unrolled (in the same general direction as the first), the 
third roll should be started so as to lap both of the others. This 
process, with the corresponding mopping, should be continued for the 
entire width of the surface which is to be covered. The fabric in 
every ease must be applied to the pitch while the latter is still hot, 
and it must be pressed against the pitch so as to insure its being 
completely stuck to the pitch over tlie entire surface. 

In no part of the work should fabric touch fabric, but be cemented 
with pitch or asphaltum. In fact, a primary requirement with all 
waterproofing laid in layers of fabric is that these sheets as they are 
successively laid shall be securely cemented to each other, that there 
shall be no air pockets, causing separation of the sheets, and no 
nncoated surfaces, the spaces between which might furnish channels 
for the passage of water. 

The sheets should be applied vertically to the wall surfaces, and 
these sheets should not be longer than can conveniently be handled. 

In connecting side wall with floor work the layers of fabric on 
the sides should be carried down on the outside of the ends of the 
floor layer and a lap of at least 18 in. should be allowed for same. 
Especial care must be taken with this detail. 

In connecting side wall and roof work the layers of fabric of the 
roof should be carried on the outside of the side wall layers and 
should lap at least 18 in. Especial care must also be taken with this 
detail. 

All corners should be reinforced with two extra pieces of fabric 
snugly fitted into it, one between the second and third layers and one 
on top. The most difficult and important points encountered in 
waterproofing are the work of carrying the covering safely around 
corners and the turning of angles. In such places the fabric should 
be cut and fitted in small pieces, and a small hand mop should be 
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used, takon lt> pross the fabric into the hot tar or 

asphalt and to makt* sure that tluax^ is a pcadecd. bond boivvt^eu tliem 

Carrying Waterproofing against Sheet Piling.—In (‘as(^ 
and ,u'roov(‘d sIuh^I pilinj^' is ustal 1‘or making and protecting** 
(‘xcavation, an<l this piling has betm trcaical with an cdfa'icnit wood 
prt‘S(*i \nt ivt‘, tin* \val(‘rprooling may l>e carrical up against the slieet 
piling, d'ht* sheet piling should b(‘ given a thorough coat of hot loiteh 
oi’ asphaltum, and all joints thoroughly lilltal before the tirst layer 
of fabric is placed (lunHum. (’opptavd earholiueum or other* wood 
prt*st‘rvativ«* may Ix' uscal for protecting the stunt piling. 

Connecting New to Old Work,- One of the dil]ieul(u‘s in securing 
continuity with hiyors of fabric is encouniered in the joining o±* new 
work to old. The laps htu'ome covered with dirt, ctmumt moi'tar, 
\vat(*r, etc, Ii(doiH' lunv work is addtal to old, the joints should be 
tiiorougldy <‘leaned of all foiadgu ttiaiter, such as ciMumu moiTax^, or 
<»(hcr substance whieh finds its way tlun’eon, ami coat(Ml wiili tlie 
eimicnfing matcnial. It is hen* that a compcd.cmt insp(‘ctor is needed, 
as workmen are ofttm t«*mpi('d to neglect this })r(*ca\iiion. The new 
fabric must Ik* made* to stick smoothly ami ev<‘uly oV(‘r tlu‘ entire 
jidn! area, 

Number of Plies. The ‘^ply’'^ in walerpr()()ting Ohai is, the num- 

hc»r of layers wliieli cover all parts of the surfaee-.vari(‘s l‘rom 3-ply to 

Id ply. Four or live laycu’s are usually Hulliei(‘ut for ordinary eases, 
altlumidi rr<»m six to t«*n layers may lu* mamssai'y for r(*S(*rv(>irs and 
Himifar structures. Tin* numhtu* of layers of fahrie i‘(Miuired dc^pends 
tipon the wafer pressure* and the c(uality of the fahrie. As many 
sheets or layers cd' fabric should lu* ccnumtcul or v(‘n(*ercd toy»'etlier 
ns the eotuiiti<»ns nsjuire. Tin* tliiekmsss of tlie damp, or water- 
prt»(ding, course shonhl he deten’mimul by the amount of danij^iiess 
and the hca<! of wat<*r to l)t' exeluded, as W(dl as by tin* irn[>oi‘tanee 
of file work, and slioidd vary from a minimum of thr(*(‘ plies of 
fabric and four mopiiingH of pitcli or asplialtuiri, where <lainpness 
of comfwrathdry soil is to be excliuhxl, up to a maximum of ten 
and elt'ven mopptngs wluu’e tlu*re is a eonsiderahh* head of 
water to coiittaid witli. A g(»od nde is to use (ive plies ot* fabric 
and six iii<*|*pings of pit eh or asphaltum loi* any atdual head of 
water lip h» tfm feet, ntid ftn* every additional (Ivt* IVtd. of hcsacl add 
erne ply <»f fiilnie and om* mopping of piteh or asi)hal(um. 

I'lie inspector sliouhl ht‘ earefid to (d)S(*rve that tlu* numlxn* of plies 
or tliickiicsM'H called tor in the plans and specitientious is actually 
put itifci fdace. 

Continuity of Work- The* inspector must sta* that all x>()rtions 
eidlf*i! for on the plans or in the speeitleations receive waterproofing 
treiilmenf. Any omiHsions will break the ecmtinuiiy of the work 
and will iiiillify the edpeet which the designer lias endeavored to 

attitiii. iHee page 449.) ^ 

SkilM Labor. - Fvmy detail of the work reipuri's ear(*tul atxen- 
tioiu mill indcHs men skilled in this work are employt'd materials 
mu\ he wanted and la* of no henetit. Tn other words, tlu‘ water- 
lirootliig should lie done only by experiimced and (‘xpi‘rt laborers or 
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waterproofers. A serious mistake is sometimes made in attempting 
to do the work with incompetent and inexperienced men. 

Freezing Weather. —'No waterproofing should he done when the 
temperature is below 25° F. Good work cannot be done in very cold 
weather, as the air chills the bitumen too quickly. 

Delivery of Materials. —The inspector should see that all the 
material delivered arrives in unbroken packages and contains the 
proper label of the manufacturers as specified. 

Storage of Paper or Felt. —The rolls of paper or felt should be 
stored on end and not laid on the side. 

PEOTECTION OF WATEEPKOOFING 

The application of the fabric and the pitch or asphaltum com¬ 
pound does not by any means complete the work. It is very impor¬ 
tant to carefully protect the waterproofing until it is completed and 
until the permanent protection is placed. 

After the waterproofing has been put into place it should be 
properly protected against injury from any cause whatsoever, i. e.: 
backfilling with earth; depositing concrete against same; laying 
brickwork or rubble against same; bulging of waterproofing from 
wall; cracking of same due to bulging; running of material due to 
heat; injury due to frost; injury due to gas from street mains; 
throwing tools, bricks, or other debris thereon; and passing of men 
or wheelbarrows thereover. 

Interruptions. —Owing to the necessity of carrying on the other 
parts of the work at the same time as the waterproofing, and to the 
need of storing materials, erecting derricks, etc., the work is liable 
to constant and vexatious interruptions. Under all such circum¬ 
stances it must be constantly borne in mind that the finished work 
must at all times be protected from abrasion or blows until finally 
covered in by a safety coat of mortar or permanent masonry; also, 
that where work is left to which later work must be attached the 
laps necessary to make a good bond should invariably be left (see 
page 459) and properly protected. 

Safety Coat of Mortar. —The layers of waterproofing fabric should 
be protected from injury by a layer of cement mortar (generally 
1 in. thick) mixed in the proportion of 1 part Portland cement to 2 
parts sand. This safety coat of mortar should be placed as soon as 
possible after the laying of the waterproofing, not exceeding 12 to 16 
hours, or sooner if the engineer should so direct. Special care must 
be taken in laying the mortar not to break, tear or in any way injure 
the layers of waterproofing fabric. For methods of laying a plaster 
coating, see page 410. 

Failure Due to Improper Safety Coat. —Should the waterproofing 
be injured owing to failure of placing the protective coat of cement 
mortar, which injury is caused by exposure to weather, bulging from 
masonry surface or puncturing from any cause, the contractor should 
be required to remedy the same at his own expense. 

Placing Masonry against Waterproofing.—The placing of con- 



MKMHRANE METHOD 


46 X 


(•roll', l)ri(*k, sttnu' ov I’ubhU^ iiinsoiiry a|i»:ainsl tlio waiarproolin^’ mussti 
rta*i*i\o (*nr(*riil ntlt'utioii on tlu* pari oT liia inspartor, osp(‘rially when, 
tlia sulVty roat is omilhal. I'he ^uraalesi rare imist be exerchsecl 
that flu' waterpreehrijU’ sIuh*! is no( panelured by sharp corners o£ 
l)riek or stoiu*. In t>ilu‘r words, care nuisi be taken not to break, toixx' 
or injure in any way the tmter surrace oT the. pitch t>r asphaltum. 
Innunuirable u'ood jobs have biuni injured and even ruined by bcnia<>’ 
pumdurtal durin.i*; this operation, especially when the backing;’ is eoii^ 
cn‘(e. Sliarp projeclinii: Hton(‘s coining in contact with the ouiox' 
surface of tlie pitch or asphaltum will break a hole throug’h tUe 
latter which will athnit water, inakin**: the source of such a lea,lc 
extn*ni(‘Iy ditlicult to disccn'er. It is always advisable where masonry?' 
conu's in innuediatt' contact with the waterproofing to protcud. tlie 
latter with a sntety coat of cenuuii mortar as mentioned above. 

When l>ri<*kwork is placed a.uainst walerprooliii^- on V(*rlieal walls 
a Hliijht space* shouhl Ik* lt‘ft for slnshinii: in with mortar to avoid 
pnneturiin^ tlu* outer surface <d’ the pitch or asphaltum. The brides 
slundtl lUit be rammed up auainst the waterprootiui^ slieet. It is 
aiivisable ttj tise tlie safety coat as just mentioned. 

BacMllinf with Earth. I'rotectiou of the waterproofhiii: should 
not stop with placin*^ the hacklllUni^ on or apiinsi same. Tamping 
ie 4 ain>»t it slionld 1 h* forlfulden, especially when the safety eoat is 
omittt*d. The watei protdin^»' may hc^ prott‘et('d by a 4-in. wall or by a. 
concrete partition, inHt(‘utl of the safety coat of cement mortar. (Soo 
page li'IiK) 

Water Fressnre.—Where springs of considerable ground water aro 
encmintered, ing(*mtity must he exerted to keep the moisture or water" 
ftrcHHure out until the waterproofing is in place and well support g<I ; 
tdlierwise injury to tlu* waterprooting might occur, espi^cially whoix 
the water pressure is vc*ry large and iuHunicit'ut vv(‘ight has boon, 
placetl upon same to secure it against displacement by sncli pressure. 
Tlie water prensure slumld be redieved by draining, or by pumping i£ 
necessary. Humps may sometimes lie built below the floor lavt*! and 
ttie water allowed to run into them, h(*ing afterwards pumped oxxt 
iind the luileH llllial with a mass c»f concrete to resist tlie water pren- 
mm\ d\n iideifuide <lniiniige Hystem, including an emergency Hump>, 
»liotild always Im provided for in the dimign. 

Frotectioa from Q‘as.~(’are should lie taken to prevent gas from 
eomiiig in contact with tlie waterproofing. Asphaltic com]H>iuids 
liiivi* been seriously injurml by gas escaping from the mains in tlxe 
afreet. 

Opeainp or laciiions in Waterproofing.— AVhen openings or inei- 
sitais in the waterprcMding sltec! arc* ni‘ceHHary, the inspector should. 
MCI! that sncli places arc rc'paircd in the most thorough manner. 

Fassagw for Pipes, Etc,—Wliere a pipe has to run through tlae 
wiitcrproofing fabric, as is tlie case with scwc'rs, water pipes, ete., 
the fabric sliotild be wound around the pipe witli great care. nPlie 
must first be tlionnigldy cleatu'd otT so that tlu* pitch or 
pliitltiiin will stick tii it, and tlu*n aftc*r the faliric has b(‘t‘n wourid 
iimiiiid flic nine, c lift or two (nrefcrablv two) flat iron bands aboixt 
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% iiu thidc should ho l)()ll(‘(l vory ii.U’Idlv anuutd tln' M*al. Tlirso 
flanu’os fit fho pipt^ nrul (damp tlu^ wutiu'prnoiiuu tn*^t holuooii 

them. All inwardly proj(‘(din<r fabric* should he nil <»fT and tho M*al 
serapod (dcain so that (*oii(*r(de will ndh(U’(‘ fct it. It iheri' is aiiy 
pit(di or asphalt urn bed ween the (amend and tfie pipe, the will 
probably flow and perhaps hark. All pip(‘ passairc's slitmid be lira!tv 
poekotcul and eonmadions thorouirhly made*. Su<di plnc'es ^Imiild ii«»t 
be covercMl up until the work has been (‘xuniinetl by the iii-*pe(*t«»r 
and found propeudy exeeuted. 

Protection of Roof Waterproofing with Gravel or Slag. In flie 
ease of a roof, the layers of fabric* and piteh nr nspliiiliiiiu ^ ^liuiild 
be covered with a coat (d’ gravel or slag embedded in piteli nr 
asphaltum. This coating s(u*v(\s a dotdde piir|M»'^i% first, lliai id 

furnishing as large an anionnt (d' niincmd surface t<t uitie^tand fli«« 
action of the elements as possible, and seemnd, to slillim nit^tdinideally 
the lay(‘r of pit(*h or asplialturn luid prevent it fnmi fberidiy 

making it ])ossibl(^ to maintain a tluc‘ker layer in place on l!i«‘ nlupe 
of the roof than would otlu'rwise be tlie ciisi». A grin el or it 
layer also servers another v(‘ry useful purp(»Ht% liiuindy, lliat of ii lire 
retardant of no mean efilcienc'y, tln^ partieh's of stone or i^Iag *ien iiie 
as an insulating layer and protecting the pitch and fabric frtnii I he 
aedion of sparks or embers. 

The slag or gravel should hc‘ of such a grade tlifit ii« piiitiele’4 
will exceed three-(|uarterH of an iiicli or Im less tliiiii title fonrtli of 
an inch in size. 11 should lie dry and fret* from diisi iiiid iliit. In 
cold weather it should be lumtecl jti«t before iisiiig. Not tlifUi 
four hundred pounds of gravel or three Imndrcd poiiiitls of i^Ing 
should be used per 100 s(|. ft. 

FATOmKG DEFBOTHTB WOMC 

Where leaks ai'e diseovercMl in tin* completed Wiilerproiifitiir, tlie 
membrane around the leak must be cut oiit, the triiiitd** triiccii to iIm 
source, and the bole plugged. The tlifliculty eiicoiititered in fdii|ifdii|| 
a leak will emphasize the advantage of making ii waterdight j<iii in 
the first place. 

Application of Waterproofing.— Any masonry tlmt ii4 foiiinl In 
leak at any time prior to tlie completion of flic work Iw ml 

out and the leak stoiiped by applying liiycw of fiiliric iiitd ri’iwnitiiig 
compound as described on page 457. Each piece of fiilirir be 

a little larger than the previous one. A Iiiyer k tif tin litfiic iitiIe'M»4 
it is larger than the one under it. Do not filteiiipt to fiiilrli the t4riil 
while it is dirty, cold or damp; it cannot be doiiti |ircjprrly. 
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INSPECTION OF CONCRETE SIDEWALK, CURB AND 
PAVEMENT CONSTRUCTION 

There are certain rules that must be observed in concrete side¬ 
walk, curb and pavement construction, and success depends entirely 
upon how much attention is oiven to same. Many sidewalks, curbs 
and pavements are built which, sooner or later, become more or less 
defective. While defects may be found in concrete sidewalks, curbs 
and pavements, it is probable that these defects may be traced to 
the contractor or inspector, owing to the lack of knowledge of the 
materials used in construction; to inexperience; or to neglect in ap¬ 
preciating the importance of minor details. The cause of these 
defects will be pointed out and a means by which they may be 
avoided suggested. 

Art. 51. Concrete Sidewalks 

Concrete sidewalk construction is a task for experienced and 
skillful workmen which is often undertaken by unskillful and inex¬ 
perienced workmen without adequate supervision or inspection. Its 
ins]")ection demands close attention to many small structural details 
which have been proved essential to good workmanship and to the 
skill and honesty of the men doing the work. Defective work fre¬ 
quently results from failure on the part of the builder or the 
inspector, to appreciate the importance of Tvatehing closely these 
smaller details, which are considered by some as of minor importance. 
In other words, durability in sidewalk construction, like almost 
every other good quality in concrete, depends entirely upon considera¬ 
tion of apparently small details. The necessary qualifications for 
the construction of sound and lasting work are good materials, 
proper methods and careful workmanship. Failure to provide these 
will often result in disappointment. Poor workmanship and neglect 
of correct principles of construction are responsible for practically 
all failures that occur in this class of work. Failures which can be 
positively charged to poor materials are few, though frequently ma¬ 
terials are used which could be improved by a more careful and 
intelligent selection, without adding to the cost of the work. 

It is not uncommon to hear, as an argument to prove proper 
workmanship in a defective walk, that the same workmen had laid 
satisfactory walks by the same methods. Simply because one job was 
laid witlioiit any regard to proper method of construction and is sat¬ 
isfactory, is no* argument that the same can he repeated, as the con- 
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(litions vary in every case. The weatlu'r eotiditietw at ilie time it walk 
is constnicted has a marked elTeet iipeu its ht‘hii\it>i\ aiul is nut 
always the same, so that a walk plaeed ou a <lanip» ehauly daiy hits a 
Letter ehanee than wdien it is hot and dry, and im prrenul an' 

taken to prevent the work drying out too fast. I he «lriuti»e.e and 

foundation of the work may he entirely ditTerent, and list' in’avel 
used may ho more evenly proportioned, as in no (piarry or pit does 
it run the same entirely throughout. 

Designation of Concrete Sidewalks.— SidewalkH etunpt»sed of 
Portland cement, sand and broken stotie (»r .gravel lit tlm Imse. ami 

Portland cement and sand or granite sereeningH (or otioo* mn-iHm- 

ings) in the wearing surface are variously culled: Aftifleial Mag?*/* 

^^Artifieial Stone Flagging,” Artificial Bttme StdewitllcH/* **Arli» 
fieial Walks,” ^Tornent Concrete SidewtUkH,” Sitlmviilks,” 

'Tement Walks,” ''Concrete Sidewalks,” "Conmyte Walks,” ” Fer- 
roliihic Walks,” "Granolithic (kunent Concrete Sidewtilks,” "Grnit- 
oliihie Sidewalks,” "Granolithic Walks,” "Kosmocrete Wnlkn,” 
"Metalithie Walks,” "Monolithic Walks,” "I'ortliiml CViiieiif Con- 
Crete Sidetvalks,” "Portland Cement Flag Btcuunviilks,” and "Port* 
land Cement Sidewalks.” 

The styles of construction, however, vary less tlinrt the iiiiiiies tiy 
which Portland cement concrete sitlewalks are desigtiaftal. 

GEOTBAI. BEQOTraMBNTS 

Methods of constructing concrete sidewalks imiwl lie piii|i|iiyefl 
which will avoid settlement cracks, upheaval hy crtittililiiiir 

due to work done in freezing weather, contraction ittnl expiiiiKtoii 
cracks, separation of top from base, and disintegriitioii. 

Thickness of Walk.—The thickna^Hs of the walk »lioiild Im deter¬ 
mined by the location, the amount of travid, iitid ditnifer of heitig 
broken by heavy bodies falling on it, or by fr«t. 

Business front walks should not be less tliitn 4 in. mid itiiiy bo II In. 
thick with profit. Tlie top coat or wearing stirfiteo of 
walks should not bo less than 1% in. thick, and for drivinviiyi Miib» 
jeeted to excessive wear, the wearing surface itionld li® at !«wl 
1% in. thick, preferably 2 in. thick. 

In residence districts the wearing surface should not bo tliitii I 
in. thick, and the thickntiss over all for diffiroiit wiilllw of wiilk.^ 
should be as follows: 

4 feet wide should be $% In* tliicl. 

4% feet wide should bn 3% in. thick, 

6 feet wide should be 4 In, thick. 

0 feet wide should be 4% in, thick. 

7 feet wide should be 5 in. thick. 

All other widths less than the above iliotild Im In. Iliicfc at 
the center and at the edges 3 in. thick. 

Size of Blocks.-"Th6 size and sliape of blocks or fligntoiioi iiitn 
which a walk is divided are governed largely by tliii mddtli of tlio 
walk, the local practice and personal tiistii. * BIcieli iiimrly but aofc 
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(luite Hciuarc have a better appearance tlian those which are distinctly 
oblong. The nlabs Hhtnihl not contain over 36 sq. ft. of surface 
and Hhouhl not be o\ ei 6 ft. in any one direction without being 
reinforced. 

Transverse Slope of WBlk.^To prevent water from lying on the 
sidewalk, it must not be level, but slant or ''grade'' a little to one 
Bide,^ BO that rain water will drain oil If the sidewalk has not a 
considerable longitudinal slope, it should be given a transverse slope 
(»f about a (piarter (Vi) of an inch to the foot to provide for drain¬ 
ing the surface. Some cities build their walks with a slope of 
about 'Vh iech to the tot)t toward the gutter. The transverse slope 
should never be tuore than % of an inch per foot. A slope of V 2 in. 
per foot gives an unpleasing appearance, and, when the walk is icy, 
pedestrians slitle tcnvard the gutter, particularly on a windy day. 

Curving Upper Surface of Walks for Drainage.— When the walk 
is laid on comparatively levid ground in a public park or on private 
grounds, it shouid be crowned to drain the surface. The straight 
edge, employed to level the surface of the walk, may be cut in an 
oval form, pricing tlie surface eonereio into a convex form, and 
tluw providing a surface from wldch all water will easily drain. 
The height cd* the center should not bo too great or it will make it 
unpleasant to walk upon same, if the walk, is narrow, yet must be 
high enougli to rea<lily allow tlio water to drain off. If the center 
in raised V4 foot of half width, the surface will 

always be practically dry, provided it is an inch or more above the 
adjoining surface, and provided dead grass and leaves are not allowed 
to wfiali agaitiBt the Mtanding grass and form a dam. 

Bidewalks are very aeldom drained by curving or crowning the 
upper Burfacii, it being inucli ladter to slope the walk as mentioned 
above. There are two principal objections to laying sidewalks with 
a crown, oiui being that ona-lialf the drainage is on the wrong side, 
i. e., away from the curb or gutter; and the oilier that they are 
particularly ugly at points of intersection on account of the hollow 
left. A crown on a croBS-walk, however, if not too high, is very 
desirable and preferably it slumld be very slight in the center of the 
walk and riitbor steep at eacii side, where the road material banks 
up against It 

Striit Signs.— Names of streets may be indicated by inserting 
colored letters in concrete sidewalks at the corner of the block. This 
may be done by placing wooden or metal letters of a thickness equal 
to the wearing aurfiice around them, and then removing the letters 
and filling the space witli colored cement mortar. 

OONOEETE MATEKIALS 

The aelccfitm of miiterials is the first considcu-ation and is an im- 
liortant niiitter. (irimt care must be exercised in the selection of 
the viirious infiteriiik imnl in the construction of concrete sidewalks, 
for if any defective material is used it will be bound, like poor 
workmanship, to show in a short time. 
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Cement. —Only tht‘ niosl iinironnu soiunl, siroiii:. sUiw 
Portland cement should be iis(‘(b one that has been iiiaitufHetiireil 
and known for a nmnlx'r of years and that iuis btantnif reeoyjii/.ta! 
as a standai'd f{)r sidi'walks. Rosendale and otli<*r forisiH of natural 
eemenfj as well as PuKzolan eemcmt, art* not stiifable tor iIiih work, 
the former Ixamuse of its low stren^dh and iiuibility to resist abra¬ 
sion, and the latter because in work iiIhjvc ‘ground it is weakened! 
by the action of the atmosphere. Notliin.^^ can lake the place ef 
standard Portland etutient^ and care must be taken to seeiire n 
i>:rade. A cement of imt)roper (iiialify will cause erackiie,;. TIte er- 
ment should comply with tlie Standard S{H*citieafituw for Porllniitl 
Cenumt of the American Society for Testinjx Materials, iitlo|it«a| 
lt)04, to^mtlier with subs(‘<juent elian^c*H and anietiilnieiilH, Tin* eliitr = 
acteristics of i^cood Portland cement are treated in Art» 4, |tii|p» 44. 

Many attempts have beem made tc» use naluriil rniieiil fur flie 
c.onereto base of the walk and Portlatid eenuuif for tiiily flit* 
in^ eoat or wearing surface. This praeliee, liciwiner, is not In be 
commend(‘tl, owin**- to a iendeney for the two to f4e|iiiriite. 
probably is due to the fact that the* Potlliind eemeiit mcirfjir \vm put 
upon the base before the base was set and tin* ditIVrciiee in flio 
amount of contraetion of the two concretes, while Hclliiifi, printuiteil 
a union beinii: formed. 

Sand.— Tim sand must be clean and coarse, i^ntded in »i/.e frotii 
medium to eoarsc* gTains, free from dust, loiiiti, nr otliiu* 
mutter. At least 75 per cent of a sand slitiitld !«:* relitiiicd mi n 4fn 
mesh sieve, with the particles well tlistribiiled lielwwui tliiit nur iiinl 
tlie size passing' a 4»mesh sieve, with an iiicreji^iiric tui 

the coarser sieves. Avoid the use of siiml tliiit is tiiii imn* Art. S), 

Limestone Screenings.— The nse of limwtiuie i4rroriiiii|,!« tit Hidt*. 
walk eonerete is not advisahks. Wliilii limestmie iiiny 

prove a success in concrete lined in foiiridiitiofis iitiil iiiulrrgiiiiiiid 
work, they have not shown the Himie efiicimicy iii Ptilmuilk rmi 
Crete where they were exposed to the elements iirifi fit nf 

heat and cold. Limestone expands on receivlnir iiiiil mti* 

tracts in dryirif^:, and this net ion will cause iiitir i*ritek.«. 

Broken Stone -“Broken Htoue for concrete slioiild lie « niiini fiiird 
stone, ^nving many angles in the fracture, iiiid tluii ivifl fmi \m 
affected by the weather. It should lie Hcreciictl dry lltrtiitrfli « I* |4ii. 
mesh and be retained on a Vi-in. miisli. It mIouiIiI Iio ftw frttiii 
dust, dirt, or other f(>reig*n substance (nee Art. ICI|, 

Gravel.— If i^ravel is used, it miiiit be wiislii*il rhvr or lintcli 
aravel, free from clay, loam dust or otlior fiiridnii iiififtci*, linil vitrV’ 
in^^ in sizes from tliiit retained on a t^dn. niwli to flic liimcfit 
by a 1%-in. mc*sh (see Art. 9). 

If unscreened graved is useck it sliould be clctti, liitrd* liiiil rmiirtiii 
no particles larger than IP, in. The pro|aiitiiin of fimt mul r«»iir«« 
particles must be determined and cfirrectf*d fo iigrim witb ilm rwitiirc’^ 
ments for broken stone concrete. 

Grit Screenings or Oraaier Dnst-Tliwe arii fur llic wearing 
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surface and should he ol* crushed (luariz, liTtuiitc or other liard, 
Lou^a’li stone, Tree froiu all loreii*’!! mailer, and crashed so that the 
lari^’esl piece will pass lhi*oue,'h a sie\‘e of 1,'i-in. mesh, the particles 
oraded in size from liiu^ to coarse, the crusher dust to conlain not 
over 25 per cenl ol line dust (see Art. S). Sand does not make 
as ^’ood a wearini>’ surface as broken stone or j>*ravel sereeniipt»s. 

Water.— It is a common practice lor sidewalk men to use water 
from <>‘ulters ami drains on lludr woi*k and I hen blame the cement 
for failures. Water should he reasonably ch-an, free from oil, acid 
and alkalis, (dear rain or river water is l)(‘st, since water from 
wells or sprinj>;*s oft<'ntim(‘s <'ontains a<'id or other deleterious matter. 
Water should he fiH'sh and fre^e from (uirth, dirt or sewa^’e. A soft 
water, clean and clear, iiscul not too cold, will i^ivc the best results 
(see Art. 12). 

Boards.—All material usc^l in the work sliould be placed on clean 
boards, and the insp(‘ctor should rej{‘ct any not so placed. 

Material from Old Concrete Walks.— Wlnux^ old conende walks 
arc* torn up dnrin.i** tin* pro^’ress of the work, the contractor is 
sometimes p<u’mitf(*d to i’(‘criish the concrete and use it in the base of 
the new walk. 

GEADING FOUNDATION 

The sidewalk should lx* i‘xcavat(‘d and i^nuled to the depth and 
width shown on (lu* drawing* haviii.e; reference thereto, includine; 
all winii^'s ami crossings, as shown on plan, nnd to the levels j^ivcii 
on tlic .c!;’roiiud by tin* en.i»'imH‘r. The site should be carefully staked 
off, running' the lin(‘s such a distance apart that the distance between 
them is about 4 in. widtu’ than it is d(‘sir(‘(l to make the finished 
walk. Th(‘ yradiHe: must b(‘ smoothly and neatly done, all larj>'(i 
stones, boulders, roots, sods ami rubliish of every description beiipii; 
r(‘moved from tlu‘ ^’radcs and the enlirc* work must be made to 
conform fully to tlu^ protile and th(‘ .yrade of the walk when finished. 
It is well to do tlu‘ (‘xcavatini^: and {lUinijr some time before the 
concrete is put in, thus s(‘curin<j;‘ thoroua'h sedtin^. 

Depth below Grade of Walk: Slope.— The excavation should 
be made to the Hub»^rnde previously (Uderminod upon. It is not 
possible here to state exactly whal tlui depth of excavation should 
be, as it (lepends upon the (dimate and the nature of the ground, 
bein^ deeper in localities wluu’e heavy frosts occur or whore the 
^■round is soft than in climai(‘H where there ar(i no frosts. In the 
former case the (‘xcuvalion may have* to he carried to a depth of 12 
in. or more, wli(‘r(*ns in tlu^ latter from 4 to (5 in. may be sutlieient. 
The sub-fcrade should have a slope toward the curb of not less than 
y^. in. per foot. 

Excavations.— In place's where cuttini^ is necessary to brin^ the 
sidewalk to the rmpiired i^nuhs no plow sliould be used bedow a line 
3 in. above the surface* to which the suli^^’raele* is to be ^’raeled. The 
remaining three inehe*s should be earefully dre'sse'd off with picks or 
other hand tools. The e.xemvation shouhl bo kept free from water. 
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Consolidation of Trenches, Etc.—All troiiclics or (•\ciivali<mH tlmt 
have boon made for, or in (‘onncclion vvilh Hinvcrs, privati' ilraiiis, y:«s 
or water pipes, telephone or eleelrie. \viren, pipes or conduits, etc., 
and which arc not ihoroutihly settled, slaadd he o(.en('d out and 
refilled, in G-in. la.yoi’s of gravel or good earth, well tamped, and 
watered if necessary, until solid. 

Defective Places.—All soft, boggy, siumgy or defective places en¬ 
countered in excavation or elsewliere, should ho wholly removed to 
such depth and extent as may he necessary, ami all dep-cssions 
filled with suitable filling material (preferably gravel), whieh slnmhl 
bo thoroughly compacted by floodijig and tamping in layei-s not 
exceeding six inches in thick ness. 

Boulders, Trees, Etc.— All boulders, stones, Htnwps, walls or otiior 
obstructions found upon the line of work should l)e removed. ^ All 
roots of trees aud other wood or material liable to <lee<im|«mitkm 
should be carefully removed. So should pieces of nml or turf, iiml other 
obstructions to a clear excavation. Trees sbould m>i be itijureil. cut 
down or otlierwise disturbed axeept by c»nlc»r tif the imiflneer. Hoofs 
of trees whic-h are not removed, hut whieh ftn» mmiluwnm to the 
line and ^rade of the walk or in any way interfere tlierewitli, i4ltotibl 
be properly trimmed and cut away. Any trw ri^movei! should \w 
^^nibbed for the entire width of the sidewalk and alsio iii roeds iliiit 
rise above the level of the 8ul)-grade. roots ate iciiitcttimcts 

covered with earthenware half-pipes. 

Upheaval by tree roots can very easily l>ii iivoideil by tnittiiif tint 
any roots which will rim under the paviinent hm Ilian ii depfti of 
six inches under bottom of drainage fenmdatiom Tim beiiving nnd 
throwing of walks, however, no oftmi attributed to Iree rootK glowing 
up under the walks, is more often tlm result of the tiioveiiieiii of the 
earth caused by the swaying of nearby trees, i*fipeeiiilly liirge ones. 
Roots, however, do gi*ow close to the concrete wiilk, iw lliey find 
moisture tliere, and elm and maple roots stioubl be ItiolciMl iifter 
especially, as they are likely to cause tlie most trmilibi. 

Surplus Material Eeguired by City,—Old litrnlii^r, itoiie fliigiririg. 
dirt, or other materials of value arwitig fmm tliii work or iiiiy 
portion therc^of, should not be thrown iiway, wmimi or olliorwi^e 
disposed of without the engineer’s writtiiii mnetioti. Tlie iii^imdor 
should see that the above mentioned surplus iiiiifertalg arp coitviiyod 
and disposed in such places as may lui dlrecf.ed by t!io itiigiiiwr, aiiil 
that none of the excavated nmterinl i« plli*<l iifiori tfit «i<li« of tliii 
walk, except by the engineer’i perraiwtoa. 

Surplus Material Kot Ee^ubred by Oity.—Wliiiro wtirpliw rnii- 
terials are not required by the city, the iiwpiwtcir «boiilil mm tlmt 
they are disposed of by the contractor in «ic!i ii miiiiior ai not to 
cause a nuisance, injury or inconviiniinci to tbi city or to pnblic 
or private parties. 

Outtbttg below Sub-Grade.— Ixcavatloiw below tfi© prti|ii»r level 
of sub-grad© should be mad© up with atiltiiblii ttiaterlfib nolidifliicl 
by ramming. 

Slope of Outs.— In cutting, the contractor slioiild l»« tii 
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exeavala ior a HnlVivunii io pve a slope of iy 2 horizontal to 1 

vertical inmi a point ont‘ rt>ot tVoin the sidewalk. 

Beep rills.- *\\ hen the sub-f»*rade occurs on lills its preparation 
recpures very earei’ul attention. Many foundation failures can be 
traced to iinpnvperly nuule tills. The material to be supplied in 
case (d' a till should la* .^ood (*arth and the upper portion of the till 
sliould )>e taniptal in layt^rs not to exceed 0 in. in thicknessj and each 
layer thorou^lily packtal by rolling or tamping’. In no ease should a 
fill be coitipacted in laytu's exceedin<j:; 10 in. in thickness. The till 
aliouhl be thualcHl with water in ordcT to tliorouj^bly settle it. Care 
ninst be taken to sc‘e that fills are thoroughly compacted and are 
free frtan linxc* stonen or perishable materials. 

The top <d’ all fills should exteinl at least 12 in. beyond the walk 
on eaclt side. If fills are narrow they wash or cave down so that 
tin* edixo t»f the sidewalk slab is left overhanpn^* to tip or break 
down under Icjatl. Many failure's can be attributed to fills having 
lH*en nnuh' too narrow and then left tmprotected. 

The sides <jf the fill should be given a slope of about 1:1%, bo 
that it will not slip away» and wlum granular materials are used, 
tin* slope slandfl he bankcal with sod or (day. 

No c(»ner(*te sidewalk should he eonstnicted upon any embank¬ 
ment until the hhiih* has sutlicicmtly s('til(ul to afford a stable foun- 
diilion. Tlte einbanknumt innst la* made proof against being washed 

(Hit. 

Bamagi to Areas, Window Openings, Stop-Cock Boxes, Etc.— 

In ex(»avating for Nnindathni fen* sidcuvalks, care must be taken not 
l(» damage the window cepenings, arems, (*oal chntc's, traps, lamp 
posts, hydrants, or water wen'ks stop-coek hoxc‘s, down pip('s or otlu^r 
openings or npplianc(*H tlmt may 1 h» in, or under, tlu*. pn^sent walk, 
nail eart^ must als(» he taken to prevent material of any description 
falling into the stop>cock la^xes, or in any way injuring or alVecting 
them HO ns to interfere with their proper working. Wherever it is 
found ueees^itry tf> eut or alter private walks or driveways, they 
Mhoiild he repitireil or replacial in a satisfactory manner. 

Mmmt of Eomoving Existing Walks.— The contractor should be 
rwjuireil to remf»ve existing walks in small sections only, sulliciont to 
carry mi the dity’s work, and so as to interfere with the busmess of 
the street tm little as famHihle. At tlu* close of each day's work the 
walk alioidd Im left in sueli a state' as to insure perfect safedy to 
tfie public. Iiiimps should he provided wherever nc'cessary, and in 
insfitneeK it may he lulviaahle to enedose portions of the walks by 
ImrrieadeH. 

PEEPABATIOlSr OF SXTB-BASE 

IJpoii the Huh-grade prepared as above and after inspection and 
iicceptiince of the «ame, should he placed the sub-baso. 

of Snh-BMO.—The thicknesB of the a\ib“bas(i may vary 
from fiotliing to twelve inelieB. In localitit^s unaffected by frost and 
hnvitig mnl imfliclently iw»rous to carry off the surface water, the 
siih-hiwe may he oiiiiltVd entirely, and tlie concrete laid upon natural 
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ground excavated to the required depth; but in clay soil in nortlie 
climates twelve inches of sub-base may be required. An avera 
thickness of a sub-base is 4 to 6 in., although in warm climates, 
the ground is firm and well drained, the sub-base may only be 2 oi 
in. thick or omitted altogether as stated above. 

Materials for Sub-Base. —The materials for a sub-base, whe 
such is recfuired, should be clean, hard cinders, slag, broken stoi 
coarse sand, gravel, broken bricks, or other similar materials, 
order to make it more porous, broken stone or gravel should 
screened. Whatever material is used it should be of sucli a cliaiuct 
that it will withstand tamping without crushing to an extent th 
will prevent proper drainage. The best material for this sub-base 
broken stone varying in size from % in. to 3 in. Steam einde 
however, are more commonly used, on account of being cheaper tli 
broken stone. Care must be taken to eliminate the fine maieri 
from the cinders. Shells are sometimes used. Ashes are also us 
to some extent. 

Placing and Compacting Sub-Base. —^Whatever material is ci 
ployed it should be evenly spread upon tlie sub-grade, should (‘xtei 
at least two inches beyond the edges of the walk and should 
thoroughly rammed so as to present a firm and unyielding siirlac 
This is a part of sidewalk work which is often neghwd(‘d. Sio 
should be sledged and lighter materials tamped with iron tarniier. 

To allow an excavation or trench to be filled with cinders, et 
without evening or compaction, and then to let it be uschI for a wa 
before laying the concrete, is very objectionable, and has iiroven rui 
ous to many walks otherwise well made. Cinders that have bei 
placed in a walk for some time before placing the eoncrid.e should 1 
picked loose and retamped so that the entire mass has even com pa 
tion. If some places are packed harder than others, the (lag or sh 
will not have an even bearing and may break. 

A heavy iron roller should be used and the cinders, etc., ko] 
evenly tamped when put in. It is not so much that they are tanqx 
hard as that they are even (edges and middle alike), Tare must 1 
taken to see that the top of the sub-base is made smooth and ■ 
grade. The author would suggest that where broken brick ar 
cinders are used that in addition to tamping them thoroughly tlu 
they be covered with a layer of sand in order to prevent opposi 
action in expansion from freezing. 

The finished sub-base should be kept at least fifty feet in advam 
of the placing of any concrete. 

Wet Material. —^While compacting the sub-base the materii 
should be thoroughly wet and should be in that condition win 
the concrete is deposited. Cinders or sand must be thoroughly W( 
when being rammed. Enough water should remain in the snl)-l)aj 
to render the surface as moist as the concrete base at the iirm^ tl 
latter is laid, or if the work has been delayed, the suh-l)as(‘ slioul 
be sprinkled with water as required. If the sub-base is too dry 
will absorb from the base the water necessary for the i)err(‘c{. liardei 
ing of the concrete. It cannot be too strongly emphasized that or 
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of the causes of inferior concrete in the base is the absorption of 
water from the mixture by the porous foundation before it has set; 
therefore, a thorough wetting of the foundation just before placing 
the concrete is absolutely essential. The amount of water needed, 
varies with the character of the soil. 

Drainage. —The sub-base must have good drainage, otherwise it 
may be a menace to the walk. If it is more porous than the retain¬ 
ing soil, it will naturally drain this soil and will offer sufficient drain¬ 
age, but in some soils and under some conditions, additional drain¬ 
age is necessary* When no additional drainage is provided, water 
enters the sub-base of the walk through the lawns on either side, and 
at all the joints between the slabs. Naturally, this moisture is 
greatest at the sides and near the joints, where it enters, very little 
reaching the center of the slab. Subsequent freezing causes greater 
upheaval of the sub-base near the edges of the slab than at the sus¬ 
pended center, and the slab, finally bearing only on the edges, acts 
as a beam. The load, wdiile not great, is applied continuously and 
simultaneously, with changes in temperature, and finally causes a 
flow of the material resulting in depression and permanent set. In 
other words, if the water is not able to escape into the sewer or 
elsewhei’e, it will accumulate in the sub-base, and may be frozen and 
heave the walk. Therefore, in soil where the sub-base and the nat¬ 
ural drainage cannot take care of the water, other drainage must Toe 
provided. 

The best means of suiiplying this additional drainage will depend 
somewhat upon the available outlets, etc. An excellent plan some¬ 
times adopted is to lay at intervals of twenty or twenty-five feet a 
l)lind stone drain, about 10x12 in., from the walk foundation to tlie 
foundation of the curb. Tile drain may also be provided at suilal>le 
l)oints to cai'ry off any water which may collect in the sub-base or 
under the concrete base. A line of 3-in. diameter, round, butt-jointed, 
hard-burned drain tile may be used for this purpose, the outlet or 
discharge for the drain being connected with the street inlets, or in 
the absence of street inlets by such other arrangements as may be 
prescribed by the engineer. 

It is most important that the sub-base be well drained to prevent 
the accumulation of water under the walk, otherwise the walk will be 
heaved up by frost in the winter as described above; and if it 
does not crack will at least be thrown out of position when the soil 
again settles. Upheaval by frost is obviated by providing proper 
under-drainage. 

All openings in curbings for outlets into the gutter for cross- 
drains should be^ made by a competent stone-cutter, and any cui’b- 
stone defaced or broken in this operation should be replaced. 

Protection of Sub-Base.—No v/alking on or driving across tlie 
prepared sub-base should be permitted. In ease this is unavoidable, 
cross-boards should be placed on the sub-base and plank laid lengtli- 
wise on these to prevent packing of one portion more than anotlier, 
where the walk is much used. 
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FOEMS 

After the foundation or the top of the Huh-hane hm been broutrht 
to the proper distance below the ^nule stakes, fornm are pineed fer 
the walk, beinj?; of such shape and dimensions as may be retfuiretl. 

Material for Forms.-— When woodim forms are used they nlioidd 
be free from warp and of sullicient stren^Hh to resist spriii^dnir cm! 
of shape. They should consist of 2-in. scantling set on edi?e. and in 
width bein^ the hei^dit of the thickness of the walk tcoiiereft* luitl 
mortar top). As the minimum thickness c»f a coneret«» sidewalk in 
successful practice is 4 in., 2x4“in. scantliniirs may he used. Where 
the walk is to be 5 in. thick, a 1-in. piece, nailed the top tif Ihe 
2x4-in. scantlings solves the problem. Hurfaeed luiiduu' htw ful- 
vantajres, but its use is not necessary (see Art. III). 

Where curves are desired in the walk, narrow boiii‘ds are ined 
instead of the scantlings. The forms for short curven sliould he 
made by sawing the proper curve out of an imdi plaiik, and llitui 
nailins? enough of them together to give tlm proper thickness. Large 
curves can be made by using a pbink on edge for the i4id«% 

and springing it into the proper curve and staking It fiwt, bill cure 
must be taken with the ends of adjacent pieces to secnire a iinifortii 
curve. Thin strips of metal will generally lai found tiiore con¬ 
venient than narrow boards in forming curveal lincH. 

Cross scantlings are put in at regular distaiiceii iind nt riglit 
angles with the side forms. These are used in dividing I lie iviillc into 
equal sized blocks. Ready made metfd eross-fonnii or jiiirtiiig utrifw 
of special patented type are now on the market MiditI pmm fmim 
should he about in. thick, with stiffeners on the einb iiiid tiip, if 
necessary. They sliould be of a depth to correspond In the 
of the proposed walk, and should extend full widtti of the wiilk 
and bo set at right angles to the side forms. They slioidd be left 
in place until the wearing surface is floated. 

Where forms are used for the second time they ilioiild be clcftiind 
from all particles of dirt and mortar that may lie cltiigiiig to 
them (see Art. 18). 

AHgnment and Level of Forms.— Forms should lie pluml in tlii» 
manner necessary to outline both external edgiw of tiiii ivnlli acrin 
rately, the top of the forms being located to coiitcidii with flic 
liahed grade of the walk. C^are must be taken to ititiiiititlti a ifwid 
alignment. The top edgm of the forms mitat he true tii grade, 
they seiwe as template's for flnishing the walk. 

Staking of Forms.— The forms must lie well staked to tlio mtah^ 
lished lines and grades, the stakes lieing suflcleritly clitw wi tliiit tm 
bulging can occur when the concrete is tam|>ed inlii plare. m»km 
are generally driven along the outside of forms every IIvn nr m% fm4. 
Forma ^ are sometimes held in place by means of slakes on 

eacb Bide, those on the outside being much stmiigcrs tlie ivurk 
of laying the concrete advances, the small stakes on tlie In^iile of 
the forms are removed. Oentrally, the nailing of itmkim to ft»rtiw m 
not necessa^. If forms are held in place by imlliiig tlimiigti the 
supporting stakes into the scantling, thwe nails slioulil tint lot «iriven 
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in order that they may be easily pulled to release the forms 
when the work is completed. 

Where thin ceiling stuff or sheet iron is sprung for curves, spe¬ 
cial care must be taken to hold them in place, so they will not 
crowd between stakes in tamping. Care should also be taken in 
joining the straight form to these curves, to prevent an unsightly 
change of direction. 

Wooden cross-forms may be held in place by stakes on the oppo¬ 
site side from that on which the concrete is being deposited, a shovel¬ 
ful or two of concrete being sufficient to hold the cross-frame firmly 
until the concrete is tamped into position. If the special metal 
cross-frames mentioned above are used, fewer stakes will be needed 
for the forms, for when the cross-form is keyed into position, it holds 
the forms in their proper relative position. 

Providing for Surface Drainage of Walk.— -Forms on one side 
should be a little lower than the other to provide proper drainage 
for the surface of the walk. The grade should, of course, be in the 
direction towards the curb or in the direction of the gutter. A rise 
of a quarter inch per foot will be sufficient in most eases to properly 
drain the walk from rain water (see page 465). 

Spacing of Forms. —All forms must be so spaced that the inside 
measurements are exactly those of the blocks^’ being molded. 
The side forms should be marked to show where joints are to come, 
care being taken that the marks defining a joint are exactly oppo¬ 
site each other on the two scantlings. If wooden cross-forms are 
used they should be placed so that the face against which the con¬ 
crete is placed is in line with the marks indicating positions of 
joints. 

Strips at Curbing. —Suitable strips, where there is no curbing, 
should be set to hold the concrete, and these strips should not be 
removed until permission is given. As soon as they are removed, 
earth should be tamped against the edges of the walk. 

Wetting Forms. —All forms should be thoroughly wetted before 
any material is deposited against them. This is of value in prevent¬ 
ing the wood absorbing too much moisture from the concrete that 
is placed next to the form (see Art. 18, page 240). 

Removal of Forms. —The forms should not be removed until the 
cement has set so hard that there is no danger of injuring the edge 
of the walk in removing them. 

CONCRETE BASE OF WALK 

The base of the walk consists of a layer of concrete deposited on 
the foundation or sub-base and carrying a surface layer or wearing 
coat of cement mortar. Its functions are to furnish a solid founda¬ 
tion for the wearing surface and to give transverse strength to the 
walk, transmitting the pressure uniformly to the foundation or sub¬ 
base. The concrete in the base of concrete walks is generally the 
most inferior concrete made. The capital and equipment necessary 
for laying concrete sidewalks is comparatively small, and the con- 
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stniction work ai)parentiy easy, the nmili tlyit uuiiiy wiilkn 

are put down by inexperienced eontmetors and etnii|itdifitni Iiiih re¬ 
duced the price‘so that work cannol be dtmv |Holllnl»!>. 

cjuently the inspection must be exceptionally tdosc at .Hfas^e t»t flic 
work. 

Proportions.— Materials for concrefe sfiould be proptniioiietl m- 
cordino' to llie voids in the aa’ixn“j!:ntcs which varies willi dillennil 
materials (see Art. 13). The (Hnicrete may be mixed iii pniportitiiiH 
of 1 pari Portland cernenh - or 3 parts coarse, clean siiml lUid -I nr II 
parts broken stone or ,‘•’ravel, dependin^^ entirely npoii I be sireimtii 
of the work re(iuired and the nature of the siiiid ami linikeii Htune itr 
gravel It the ground is firm and the aubdiiwe well raiiimeil in iiliicti 
and properly drained, great strength will not he reijitired of the cnii^ 
Crete, which may, in such castes, he mixed in iilMiiit the |irii|ifirliiiHH 
1:3:0. 

Thickness of Concrete BaBe.—Tlie c<mcri‘t.e base shiitihl imt he Iei4H 
than three inches thick. Four inches m iiiucli better aiitl reemii 
mended for general use in sidewalks, wliile In smtie mnm fhe tir 
inches are recfuired (see page 404). 

Mixing.— All proportions should he by adiiiil iiieiiMtireiipail in 
boxes or otlnu’ suitable recf‘ptacles, and tm iiiiiterifii mIiiihIiI ho titled 
whicli has not been thus UH'asured (see Art. Ml The roitcrrle iwiy he 
mixed either by machine or harnl, as dtiwnnlMHl mi piige’^ liiT mnl IfH. 
Mixing is freciucntly tieglectecl in sidewiilk mark liinl it iiiiiHf 
bo cax’ofiilly watc.hed. Thorough mixing miwt lie rigiiily iiiiiieieil In, 
as well-mixed concrete is more dense than poorly mixed* iiinl rri|titrefi 
less tamping. 

Fspecial care should be taken to avoid ttie use of tmi tinirli wiiler 
in the manipulation. The concrete Hhoiild he iiibeil In n run* 

sisiency that when rammed the maws will not t|iiiikp Iik«‘ jidly. Iitit 
will, when striudc, compact within tfiii itrofi of tin* ffire nf iim 
rammer without displacing the materiiil liitiiritlly. TIiiit fn mt%% 
the mass of concrete, when ready for nm\ ulioitlil iipiatur ipiltt* iiirio 
hereni and not wet and plastic, containing wiiler, litiwiner, in liiirli 
(piantities tliat a thorough ramming wiili repealed iiiif liiird 

blows will produce a thin film of moisttirii iii'iitii tlie mtrfiuH muhr 
the rammer, without causing in the rrmsn ii geliititimw nr i|iilrlc %iiiid 
motion. In other words, the concrete slionld lie nlnirt nf iiiiiikitif. 
An excess of water must ha avoided, ft m iiiif pritrlipitlifp to iikh 
as wot concrete in sidewmlk construction m in mmm ^hmm of 
work. If the concrete is too moist, tlie ivitl liku rlny; 

if it ho too dry, it will rise up aroiinil tlm mnmwr !ila wiiiil. In 
either case, the mass cannot lie suitiihly coiii|iactcd liy raifiinliig,, mifj 
will therefore he comparatively weak iiml |iorriii« after net ting.' Tim 
top coating should have much more wafer tfmn flic hww layer and 
be of such a consistency as to work ivell iitnlcr ii frtuftd. 

The concrete should not he mixed in larter lliiiii U 

required for immediate use. 

Size of Batch to Be Mixed at Out Time Tlie « |*iit*4i of 

concrete should be governed by tlir i^^pwd niffi ji 
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iwisiHl ixnd A l)ai(*li should nol bu nuulu iliai is lar^'er 

than mu he pLictai within thirly niiuut(‘s’ (iiue or loss, i»-enei‘ally 
not ovor a onbic' yard. S(»nu‘ spcoilimlions st.ate that oidy one bar- 
vv\ of mnient shall be us(m 1 to a baieln Tlie (luieker the concrete 
is placed, tamped and siirt’aced, the <i,realer the (duiiices of success; 
ibr on Ian, <jui(dv dryini*’ days tlu‘ mortar often beji,‘ius its initiai set 
even lud'on' the half-hour period. 

itetemporiiig. ()iu‘ ol’ tlu‘ common mistakes made by inexperi¬ 
enced workers is to mix too luriie a batch at one time; and then when 
tim mortar has la^uiin to std btdbre it could be placed, to attempt 
to remix or rtdemper saimx ruder no circumstances should this be 
done*, as oma* t'uncrclt* or nandar has taken its initial set, or bcj^'iin 
tla* hardt'uim^ or tlryini*’ out pro(H*sH, the addition of water or mixine; 
will lad delay this proet»ss. Any r(‘nnxin.u* of concrete, after harden- 
iim has bemm will ?.renc»rally W(‘ak(*n it to such an extent as to make 
it unsatisfactory. Tht* savin**’ which may result from the use of a 
portiori of a batch of c(»nc!'4*t(^ vvliich is relempered will not justify 
the iiitrodiadii»n (d* uiieertaint u‘h into the work. R(‘tem])cre<l con¬ 
crete hlundd not lie UH(*d, Any concr(*te left over at quitting’ time 
slaudd be wiiHtc*tl. 

TraMporting Concrete, In transiiorting concrete, care must be 
taken previ»nt liiss of mat(‘rial in any way. Wheelbarrows must 
imt be overhmdi‘d. Loss td’ any surplus wat(‘r in the mixing may 
rob it of a portion tlie cement carried in suspension (see Art. 23). 

Placing Base Concrete. Tin* concrete should be deposited within 
tlie forms <»n a Hub-hnse previously wet and tamticd into final ]K)si- 
Iton ns soon m possilde. The Hurfaee of lln^ concrete should be 
iirtimgltt t<i a plane parallel to tin* proposed (iuished surface of the 
walk, and at a tlintance hehuv it etpial to the thickness of the wearing 
surface*. To insnn* this tin* concrete hIiouIcI be struck with a straight 
t*di*e, long enougli to span the walk and notched out at. the ends so 
tliaf whim placed on tin* side forms the straight edge will detine 
the correct grade of the base. 

Tlte concrete shtmld he dumped, not thrown or dropped from a 
lieiglit, as Ibis tends to neparate liie stone from the mortar. No 
concrete sinnild be placed upon a dry suli-baHc*, If this precaution 
is not taki*n it m certain llmt the porous material, absorbing a con¬ 
siderable quantity of water, will rob the concrete of much of the 
moiHlitre it iiceilH for proper crystallization and curing. 

fampittf BMi.—The conc*rete in the liase of concrete walks is 
giiiteriilly the most itifcrior concrete made. Mve.n with as good ma- 
timial ami workmanship, it is hardly possihle to get as good concrete 
in cement siiiewaik Imne as in structureH of larger volume, such as 
reiaining walls, abutments, piers, etc., as in tamping a thin layer of 
concrete laid on a <*indcr lieil or a stdi-hase ol other materials, the 
eoiicri'ie may compact a little under «‘ach blow, but a great part of 
tin* force is exptuidt*d in for<*ing the* concrete* up at another place 
and poHsiblv diHloflgtiig the suh-hasc*. 3 his is one of the leasons 
why it m neei'Hsary to have tliesnlebase thoroughly compacted before 
placing coiicri’ie, lUid why it is advisable to so mix the concrete and 
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have it of sucli con.sistoiK'y as to rcduee ns niucli ns jmssihlo ih,- 

amount of tamping- necessary. 

The conerele should be thoroughly taiiipcMl or ninimed milil water 
appears on the surface. If the concnde quakes is an iiHio’iit ii»n 
that too much water was used iti the inixiie^. I he cHUierete slumld 
be compressed sulliciently by the tamping' to jxive tlie right deptli^ 
for the wearing surface. It is important that the upper sin fare td 
the concrete base should be exactly parallel to the top td the ^lni^lled 
walk. To determine whether this condition liiw been fitlfllletl. fht^ 
straight edge or gauge mentioned above slioulc! he drawn ovtir^ llui 
toi)S of the side forms, and should clear the conertde at all \mmin. 
The tamping should be as thoroughly done iit iHigei4 anil corner.^ as 
in the center of the slab. Particular care rntwl he liiken tiiat tint 
concrete base is well rammtMl and ccmsididatiHl iilonir the tinier 
edges, so that frost will not break them ^ up. Thi^ fwiiiit h offeii 
neglected, because tamping the edges is liktdy to crtnvd I lie f«»rniH 
out of place. In ramming, especial care mmi he liikcii not to tlwfiirh 
the forms. 

Concrete that has begun to set before riiiiiiiiliig eotiiplefed 
should be rmnoved from the work. No piitcliitig id* tlidVelt%'e work 
after the concrete has begun to set sliould he ttllciwwL 

Concrete may be tamped witli iron-shod rtitiiiiiers, ^ieveii iiielies 
S(iuare, and weighing about twenty pounds. For next llie 

forms, the makers of cement working tools offer ii ligiilor riiiiiiiii*r 
with square face at one end and blunt, eliIiel»«!Mi|ipd titiii|ier iit 

the other. (See page 301.) 

Preserving Joints in Base.—Tlie eoncretii h mm cnit tiilii lilneki 
exactly corresponding to the proposed blocki in tlio tt’oariiti? p*iirffiei% 
There are several methods employed for di%i«liiig wtilk^^ into lilnek^. 
One is to place a wooden cross-form along tini walk iit rcmiliir dw^> 
tances and at right angles with the shle to tnmmfmml wlfh 

marks previously made on the forms. After lli« ciiiirroto iii iiity 
section has been thoroughly tamped, tlni ulnitilil Ini 

removed, together with the 8tak» that mipfairt it. Agiiiti^t tlie 
joint thus made bare, clay or loam mortar may b© |ilaitoreil I * | In. 
thick); or paper or felt % in, thick niiiy bii |iiiiw»ti; or ftKiiif*w| I lie 
joint may be placed a steel divider 6 In. high aiid % iti. thick, The 
perpendicular wall of the new ccmcrete i*lnli ttitwl lie ciireftiliy fire- 
served, the next slab be tamped againiit tli« city, Iciiiin, itiurfttr, fiafiiu*, 
felt or the steel divider, a« the ciwe may be. If llie itoid iliviiler ii 
used it should be removed by slightly tupiiiiif, leiivitig llot juitil 
dividing the slabs open; if pajwr is used tiiii part |tr*ij«»rtift|i iilwvc 
the concrete should be trimmed of? with ilieftfi: if rl»y w tmml tm 

further treatment is necessary. If di'flritd the ilaltfi ttiiiy lin titiii|ii^d 

directly against each other. The anthon howewrt prefew In loiive 
a clear space between each slab. For tlili piirfif^p » plwc tif tlilrk 
soft paper, or tar paper, may be mml fur iitiiimtiiiii m iiiriitltniwl 
above. Borne prefer a piece of simet In be reitinvifil nftrr tlie 

blocks are made. 

Beady made metal cmss-fonni or pnrtiiig itrifii of i|»i»ciat pil- 
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oniiHl type may be used insiciid of the steel dividei' mentioned above. 
In this ease, the nietal eross-iorin is leTl in position until the adjoin- 
ini^- slab is plaeinl eoniplete with weariuf>* surface, beiiij>: raised just 
m the slabs art‘ reeeivinj^’ their liiial treatment and the j*-r()over run 
over tlu' space from which it has been removed. It ])reL'erred, the 
metal cross-form nuiy lu^ rtanoved after the concrete for the next 
block is in place and before the wearing surface is placed. 

Another practice which was common a number of years ago is to 
lay alternating slabs entirely indeiJcndent of each other. After 
the first set is completed, the alternate positions are filled. This 
scheme made positive joints and prc^vented breaking of slabs on 
account of sc'tthnnent. Some recent specitications in the author's 
possession still speeify that the ^Mllocks" shall bo laid alternately 
in frames 2x4 in, or 2x5 in., dressed scantlings held in place by 
stakes aind braces, strips of tar paper being placed in the joints. One 
of them reciuir(‘H that no adjoining blocks shall be laid within six 
hours of each other, atid the recjuiremtmt is also made that where 
spalling, splitting off or other defects occur after eomphding the 
entire block or division must be replaccHl with a new block or division, 
no patching being allowed. The objections to laying the altcTiiate 
blocks in a walk are that it is hard to get the different blocks in a 
true plane, the appearance, therefore, is not so good. Another objec¬ 
tion is the increascul cost and time recpured. 

Honudirties a h)ng stnd.ch of concnde for the base is placed and 
a straight edge is laid itcross the walk in line with the marks pre¬ 
viously made on the side forms to define the joiTifs, and with a 
spade av special tool the concrete base is cut entirely through to 
the Hul>-l)aH(‘. Tins joint in the base is then filled with clean sand. 
Tliis practice is nof to be recommended, and especially when de- 
pemleuce is placed upon cutting through both the top and base at 
the «anu» time, Hesults of this type of construction are to be seen 
In a number of places. However, if such a practice is employed, the 
twil for cutting the walk up into blocks sljould be so shaped as to 
make the top edges tjf tlie groove linn, smooth and slightly round, 
and sliottld he long enough to cut entirely through the top coat and 
the concrete base. 

Ho md alhnv the jointB to become filled with cement after being 
madiii thus <lc»featirig the purpose for which they were made. 

Atom Fractional Blabs.—In ehwing work at night or at the noon 
hour, tlie concrete should be finished at a joint witli a scjiiare straight 
end. A part of ii Kliib or block should never be molded and then 
built after having stood long enough to begin to set. Any concrete 
left over after finishing a slab should either be mixed in with the 
next hatch, if this is to follow in a very short time, or it should be 
dlHcanlecl. The inspector slundd see that fractional slabs are avoided, 
otlierwlse a crack will probal)Iy occur in the wearing surface above 
tlie line of divisiem betwcHUi adjacent batches. The concrede must 
be tumped against the cross-forms so that wlien placing of concrete 
is resnmed, it will start from a vertical joint between abutting slabs 
as mentioned above. If the concrete iu finished with a ragged oblique 
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edge, it is impossible to get a good union between work east at di:ff 
ent times and expansion by heat is liable to cause one piece to sL 
upon the other and break the wearing surface. Under no eireu 
stances should a section of the base be left partially completed to 
finished with the next batch or left until the next day. The wc 
may be stopped at night most conveniently by inserting a boa 
between the side forms and finishing the walk against it. 

Expansion Joints. —Many failures in concrete sidewalks res 
from expansion, and to take cai^e of this there should be, in additi 
to the block joints, extra joints provided. Expansion joints slim 
be constructed as specified. The usual practice is to provide exp£ 
sion joints at approximately every 50 feet and at all street a 
alley returns, their thickness depending upon climatic conditio 
The expansion joints should extend through the entire thickness 
the sidewalk proper. 

The concrete base should not be allowed to bear directly agaii 
any solid body, such as curb, area step, or coping, wall of buildii 
lamp post, telegraph or telephone pole, man-hole rim, etc., but lea 
at least the same space as between the blocks themselves (genera 

in.), so as to avoid cracking and chipping due to expansion a 
contraction from temperature changes. This space can bo ec 
veniently provided for by the use of thick tar paper or felt. It 
sometimes specified that a clear space of not less than V 2 iiiust 
left between the back of the curbing (or other such fixtures) and 1 
abutting ends of the sidewalks for the full depth of the ivalk. The 
is likely to be some settlement, either in curb, curb wall or adjaec 
sidewalk, and irregular cracks will result. 

Expansion joints are usually filled with sand. It is not necessa 
or desirable to have sharp sand; sand with rounded grains v 
answer better. Paving pitch and asphalt have also been used f 
the large joints and will prevent to some extent moisiurc reachi 
the sub-base. If a tar expansion joint is used, the upper half in 
of the joint should be filled with sand to prevent the far fi‘om bei 
tracked over the surface of the walk. (See page 503.) 

Care of Base. —^Workmen must not be permitted to walk on t 
base before the top surface is laid, as it is positive to place me 
or less foreign matter upon same, and thus make a weak spot in t 
work. Care must be exercised to prevent sand or any other mater: 
from being dropped on the concrete, and thus preventing a proi: 
union with the wearing surface. Where sand or dust gets on t 
base it must be carefully removed before the wearing surface 
applied. (See Art. 29, page 335.) 

WEAEIlSra SUEFACE 

As soon as a few of the blocks of concrete have been laid, t 
top dressing or wearing surface should be applied immediately, a' 
before any of the blocks have set. The lack of adhesion ])cdwe 
the base and wearing surface is one of the most frequent causes 
failure in concrete sidewalks. The preparation and application 
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the wearing surface requires much care if satisfactory results are to 
be obtained. 

Materials.—The wearing surface should be laid with the same 
first-class Portland cement as in the base. No more than one brand 
of cement should be permitted to be used in the wearing surface in 
front of any property or on a street block, as the case may be. 

Either sand, or fine crushed rock, or a mixture of the two, may 
be used to form the mortar. Usually a coarse sand or fine gravel 
is used for the aggregate. If crushed rock is used it should be of a 
texture such as granite or trap, which will break into cubical, rathei 
than flat or laminated fragments. Some granite screenings, however 
contain mica, hornblende, and feldspar which render them unde¬ 
sirable for use in concrete walks. Crushed quartz is best for this 
purpose. Pure silica sand is entirely satisfactory. The aggregate 
should be screened through a quarter-inch mesh, and there shoulc 
not be a large proportion of very fine material. 

Sand, if used, must be clean and free from any trace of loam, as 
this is certain to make ^^soft spots’' which soon show wear. It h 
of the highest importance to see that the sand is of the propei 
quality, as sand freciuently contains a considerable proportion of sof 
and easily decomposed constituents which renders it entirely unfi 
for use in the wearing surface of concrete sidewalks, since the friabh 
grains soon pulverize and blow away, which not only looks badly bu 
also tends to hasten the destruction of the w^alk. 

Proportions. —The proper proportion of sand to cement dependi 
upon the voids in the sand (see Art. 13). There should be enougl 
and only enough cement to fill the voids. If there is not enougl 
cement to fill the voids, the sand will not be held with the maximun 
strength j and if there is an excess of cement, which is very oftei 
the ease, the walk is liable to crumble under travel, since neat cemen 
will not resist abrasion as well as sand and cement. 

Customary proportions are 1 part of Portland cement to 1 or ^ 
parts of fine aggregate. If mortar richer than 1:1 is used, it i 
likely to check or crack in setting, marring the appearance of th 
walk, and may cause the walk to crumble under travel. The autho 
does not recommend mortar richer than a 1:1% mixture. It is bette 
to avoid too great a variation between the richness of the wearin 
surface and that used in the base. A 1:3 mixture of cement and san 
is sometimes employed, but this is not a mix sufficiently rich fo 
walks subject to the average wear. 

A good wearing surface may be obtained by using one (1) part c 
Portland cement, one and one-half (IVi) parts of coarse sand an 
two and one-half ( 21 / 2 ) parts of pebbles or crushed granite c 
other approved stone as may be selected, screened to pass ^2 ii 
and be retained on %,-in. screen. Where both fine and coarse aggr( 
gates are used in the mixture for the wearing surface, a l:iy 2 :: 
or 1:2:3, or even a 1:2:4 concrete with Portland cement, san 
or stone screenings and crushed or screened gravel may be use( 
screened in the proportions stated above. 

Thickness of Wearing Surface.— The thickness of the wearin 
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surface varies in practice from % to 1 in. Usual thickness is about 1 
in. The thickness of the wearing surface, however, is governed 
by the service to which the walk is put. Business districts require 
greater thicknesses than residential districts (see page 464). 

Mixing.—The materials should be very exactly proportioned, so 
as to give a uniform color. All proportions should be obtained by 
actual measurement in boxes or other suitable receptacles, and no 
material should be used which has not been thus measured (see 
Art. 14, page 152). 

The mixing should be done in suitable boxes or upon tight plat¬ 
forms (see Art. 15, page 176). The materials should be thoroughly 
mixed by turning at least three (3) times dry. Water should then 
be added in a fine spray and the mass turned twice (2) wet, 
not including shoveling into wheelbarrows^ or pails, as the case may be. 
Cai'e must be taken that there is not too much water in the mixture, 
but sufficiently pasty to work with a trowel. An excess of water 
in the mixing is likely to crack the finishing mortar, due to great 
shrinkage. 

Consistency of Top Mortar. —The proper consistency required will 
depend upon whether the top mortar is to be fioated or is to be 
tamped. If the top mortar is to be placed by fioating under straight 
edge it should be mixed wet enough to ^ ^ floatreadily. A mushy 
consistency about like mortar used by a mason in laying brick is 
about right. If the mortar is mixed too stiff it cannot be readily 
leveled with a straight edge, and if too thin it takes longer to dry 
out ready for finishing and is apt to result in sandy spots or to 
cause pock marks. If the top mortar is to be tamped down with the 
base, the consistency should be such as to permit of thoroughly 
tamping and allowing a film of moisture to appear on the surface. 

Placing Top Mortar. —The top mortar should be placed imme¬ 
diately after the base is tamped into position. This may be done by 
floating or by tamping. The most common way of placing the top 
mortar is to float it, by making the mixture very thin, and then 
spread it regularly, and work it down with a straight edge until the 
surface is a true plane flush with the top edges of the forms. The 
mortar should be spread heavily on the surface of the concrete by 
means of a trowel, care being taken that no air spaces are coved, 
and that the trowel is run along sides so that the edges will become 
dense. The trowel should not be used to smooth the mortar top, but 
take a straight edge, the back of the concrete straight edge will do, if 
straight; with this resting on the side forms, stroke the mortar off 
even. In holding straight edge slightly slanting it will pack the 
mortar some. 

Another method is to apply the mortar to the base, mixed with 
less water, so as to be stiff, and spread evenly and somewhat deeper 
than the final wearing surface. The mortar should then be tamped 
with a light rammer and beaten with a wooden batten to break any 
air cells and make the mortar finish perfectly solid. The surface 
should then be struck off with a straight edge bearing on the top of 
the side forms. Some hollows or rough places will remain, and the 
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straight edge sliouUl l>(‘ nin over a sacoiul or porliai^w a third time, 
a saiall amount of ratluu* moist mortar, itiado from thoroughly 
screened sand, liaving luam first, applital to siudi place's. (!arc must 
be taken to see tluit all low spots arc‘ l)roughl to proper grade. A 
top mortar put on in (his nunuu'r can be linislu'd with much less 
delay than can the tloattal top mortar. 

Choice between Floating and Tamping Top Mortar.— The author 
is of the opinion that at h'ust 75 peu* cent of all sid(‘vvalk men put 
in their c'oinu’tdt* bases and (‘sptHually tlu' top mortar or wearing 
surface entindy too It is not uncommon to hear, as an argu¬ 

ment, that by so doing the t(»p umrtar IhuuIh better with the concrete 
base, blit as a matter of fact this reason is fallacious. On the otlier 
hand a mortar top is v(*ry likidy to show a dilTerent di'gree of con¬ 
struction in setting fnan the concrete base, and wlu'n it is troweled in 
finishing, neat cement is tluslu‘d on the top and forms a thin, brittle 
surface' tliat is vc'ry apt to scab* o(T in time. Besides this, if the 
mortar has liei'u mixt'd too thin (as it geiu'rally is when it is to be 
floated), the tlnishc'rs have to wait around until the surface is dry 
enough for tinishing or Hurreptiously sprinkle' dry cenu'nt, on it to 
take up ili(' supi'illnous moisture. The surfaci* shouhl he finished 
before any portion of tlie particle's commence to crystallize. To dis¬ 
turb tlu‘S(‘ [larticles by troweling a half hour later is apt to cause 
hair-cracks and crazing. 

The author woub! suggest that the top mortar be put on with only 
a liltU' water in it and thi'n tamp it thoroughly until moisture appears 
on the Hurlaet', making it possilde to llnish in the usual way. Tf 
the mixture' is of I lie proper cumsisfemey and tlu' top profierly applied, 
a more pe'i'lVct Ixutd htdween the top and base' is assureel. The 
tamping gives a eli'iisc', dost' grahu'd to)K Tht'rc' is also much less 
danger against clu'ckiiig and crazing. It is frecpiently argued that 
tamping tlu' top mortar adds to the* cost of the work, Imt the anihor 
is of the opinion that it is clieapi'i* to pay for a liltle more lamping 
than to liave flnisliers waiting around for tlu' surface' to dry out, 
(‘sp(‘('ially when they an^ drawing extra pay aftt»r (putting time. 

Top Mortar Flnsliod from Bas©.-»'-A mortar top or wearing sur¬ 
face may la* obtained !»y using ii base concrete rich in ci'itu'nt and 
tamping it until tlie mortar rises to tlie top. This med-hod doc's not 
produce' as pe'rfect a surface ns is s(*curt*d by using a sc'parate coat 
of mortar as mi'Ulioned above, hut for many walks can h(^ employc'd. 
Clonsiclerahb' time' in siHi'd by this methotl, as I In* work is finished 
as fast as the workmen covcu* Haim*, witluniL the necessity of going 
back to put on tlie wearing siirfaee. 

In plaeing a walk of this const ruction tlie liase mixture is well 
heaped aliovt* tin* forms am! tlien tampc'd to grade. The usual tamp¬ 
ing may hc' followed by a special fiintpf»r which will assist in forcing 
the coarse stone from tin* surface and in liringing mortar to the 
top. This Innipc'f is made by Imnding a piece of scrap-iron and bolt¬ 
ing it logetlier to form a sipian* of iihcmt b in. cm the side, and them 
short crosH-lmrs are bolted to this at almnt in. apart, inside the 
square. Four pieces of iron rod are tlu'ii bolted to tlie four corners 
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of tamper and brought up to a handle for opera!ing; sanu‘. This 
tamper can be made very easily by any blaeksniith. Tlie eross-bars 
, assist in forcing’ the large alone, etc., down itito the mass, and in 
bringing the fine particles to Ihe surface. Tin' surface' should llu'u 
be leveled and smoothed by straight edge and finislu'd in Uie usual 
way. 

To Avoid Loose Tops or Wearing Surface.— A great itiany failuri's 
are due to a lack of bond between the top coat or wc'aring surface 
and the concrete base. The placing of the top mortar must rc'ct'ive 
the closest attention in order that it may be ]irop(‘rIy bomb'd to the 
concrete base. A hollow sound produced in walking ovc*r a eoucrefe 
sidewalk is an almost infallible sign of a poor bond betwcH'ii tlie t<»p 
mortar and the concrete base, which eventually will r<*Hidt in break¬ 
ing up or Cloacking of the surface finish over the conen'te, greatly dis¬ 
figuring the walk. It is of tlie utmost importance^ timt the mortar t<»p 
be applied before the concrete base has begun to set. 

Loose mortar tops arc usually caused by ilie drying out and the 
setting-up of ihe concrete before the t(»p surface' is placed and then 
failure to take the proper precautions to prepari' tlu' concrete sur» 
face for the mortar top. Tlie sooner the top mortar can he iipplieti 
after concreting the more thoroughly it is pressed down (preft*rably 
tamped) into the concrete base and tlie rougher tlie surface is, t!ie 
better will bo the bond between ihe two materialH. If the upper 
surface of the base is troweled or smoothed off, the sirengtii of the 
bond is reduced; it is important, tliereforc, to h^ave tlie has<» free 
of troweling. It cannot be too strongly insisted Unit tin* top imniar 
be applied as quickly as possible after the concrete liase lifw lieen 
tamped into position. It is frequently spiicifled that tlie top f!iii‘4h{ng 
of concrete sidewalks shall follow immediately the eonerefiitic of the 
base, or be delayed not more than 30 minutes. 

Care must be exercised to prevent sand or any other material from 
being dropped on the concrete base, and thus preventing ii proper 
union with the wearing surface. Bometimes the hime is periiittfed to 
become dusty and dirty by the dust being blown from Ihe Hfrei't and 
from careless workmen walking over Ihe fresh eoiiende. Where 
sand or any other material falls upon the base it sliould h«^ eieiined 
off and a coating of neat cement and water applied In a tliiii wiisli. 
Top finishing mortar will not adhere well to snicioth, dry, titieleiiit. 
oily or dusty surfaces. If the concrete has begun to dry it wluutld 
be wetted just before applying the top mortar. Reriicive iiriy dirty 
water that might collect on the top of the concrete * beforii 
placing top mortar. 

The wearing surface should always be finished up to ii joint. 
Tinder no circumstances must the top mortaf he applletl to « portion 
of a block and then some time allowed to ehipse hefnre iipplyiiig tlin 
remainder. Sometimes an attempt is made to weld new nmrtnr to 
that already set, but alternate freezing and tliawing h likely to 
open a crack at the weld; and hence wchlitif tlionld iiiivcr Im 
permitted. 

Do not use a base of one brand of cement and a tii|i iitrftce 
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lother; the <IiHVrc'U(*e in (piaUiy of tlin eoment, in time of setting 
anlouing, eontnuHioUj oxpiiusion, ote., nrten causes top to crack 
I basn. 

of work tlono in cold \v(*atiicr will cause loose tops, 
lacing Top Mortar on Hardened Base.—Whcre the work upon 
U>p surface has betai unavoidably dtdayed until the concrete in 
aase has set or haiuhnied, or wluu'e it is desirable to place a new 
tuorlar on an old base, special means must be employed to insure 
ect adh(*siou ludutsm th(‘ top and base (see Art. 27). Two 
mils of bonding* with suecivss art‘: 

1) Care must be takiai to remove all loosCj inert or foreign 
udal tVom the eonende base ])tdore any attempt at bonding the 
work is made. I’lie old concrete shouhl be roughened up, swept 
thoroiiglily waslusl with water. The base should then be rewashed 
a dilute’ solution of mmdatic acid oi* with an acid wash, such 
‘ Ransomih’.The acid wash loosens up any dust, dirt, woody 
[er or other loreigu suhstance’s that may be present or embedded 
lie concretes cutting slightly tlui surfae'e film on the concrete, 
lucing a surface’ tiot unlike that eif ceiarse sanel-jiaper, an exeel- 
euu' for the aellu’siem eif the’ teip nmi’tar. After the acid wash 
worke*d» it must be» reutmveel as fa-r as possible by thorough 
liiiig until every (race* of acid and dirt is removed before applying 
teip tiiuHln Any remaining 1 races eif acid may be detect eel by 
ing tlie^ water h’ft em the Hurface^. The top nmrtar should now be 
lied (e> the* wet surface in the usual way. When the acid wash 
mi UHe’el on the ceme'rede Imse, either means of preparing the 

ace may lie re’sorteal tea but probably with neit so good resixlts. 

feillowing mc’thoel, however, has preived epiitc successful: 

[ 2 ) The* surfaem of the base Hliemld be tboreiughly wet with 
e’r, and with a stitT broeim or wirei brush all elirt and loose ma¬ 
id scnibbe'd from same*, liy a vigeirems use of tlio wire brush (if 
surface^ being tre’ateul will permit eif it) the aggregate in the 
[I can lie nneovere’d; tlmt is, the film of cement over same 
ibbed eir bnislicti edT where it has not thoroughly set or liardeneHl. 
rcmeiving this film of cemu’ut (similar iei tlm acid treatment mcn- 
uhI abovethe new meuiar teip can have every chance to bond 
h the lame. After llie concrete baa been sulliciently brushed it 
uld be again waslied willi water and grouted with thin cement 

•tar (see page The top mortar slmuld now be applied in 

imua! way before the grout has dried. 

Placing top nmrtar on hardened base concrete should bo permit- 
tinly in case of absolute rn’cessity. Tim smTaeo of the concrete 
my case should be rough and all dust, dirt, oil, grease, embedded 
’dnst, woiidy mutter, locomotive cinders, etc., removed, before any 
•nipt at lainding t<ip mortar to hardemed base is made. After the 
face has been properly prepared by either method mentioned 
►ve, tlie top mortar should be applied in the usual way. If eon- 
ttred neceHsiiry the acid wash trealment may be followed up by 
ibing the bfise with (liin grout and tins folloW(*d up immediately 
h Urn top finish. Mortar that fails to slunv a proper bond after 
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it lias been allowed sufficient time should be taken up and replaced 
with new mortar of the proper quality. 

Should it become necessary to delay the placing of the top mortar 
after several blocks or slabs have been laid, the work may be saved 
by the following treatment: Immediately after laying and while 
still soft, roughen the concrete base with a wire brush, thus producing 
to some extent a surface similar to that obtained by the use of an 
acid wash as mentioned above, thereby saving a great amount of labor 
later on when the concrete is hard and unresponsive. If this brush¬ 
ing is done carefully and without appreciably disturbing the concrete 
while green, the results will usually be satisfactory to a certain extent, 
although it may become necessary to resort to one or the other of 
the above mentioned methods of securing a good bond. 

Surface Treatment. —After the top mortar has been pressed 
heavily onto the concrete base and the surface struck off with a 
straight edge as mentioned above, the character of the desired sur¬ 
face decides the next step. The usual practice is to float the sur¬ 
face, first with a wooden float and afterwards with a metal float or 
plasterer ^s trowel, the operation being similar to that of plastering 
a wall. The floating of the surface, however, is a point on which 
there are many opinions. Some prefer the use of a wooden or cork 
float entirely, while others prefer a glassy finish produced by the 
vigorous use of a steel trowel. The exact time at which the surface 
should be floated depends upon the setting of the cement, and must 
be determined by the builder. Considerable skill is required in 
troweling to prevent the formation of hair-cracks by over-troweling, 
and to insure a surface which will not wear easily as a result of 
insufficient troweling. Troweling for an excessively long time is very 
objectionable, since it is apt to work an excess of cement to the 
surface, a result which makes the walk more slippery and less 
durable. 

Steel Trowel Finish. —While a steel trowel is universally em¬ 
ployed in finishing the flat surface of walks, yet its use must not 
be carried to an excess. The general tendency when a steel trowel 
is employed is to use it too much, and over-troweling flushes neat 
cement to the surface and forms a thin, hard coating that seems all 
right at first, but which afterwards scales off, revealing a layer of 
almost clear sand. A similar result obtains if attempt is mndc to 
retrowel a surface once finished and partially set, but afterwards 
defaced. In other words, excessive troweling will form a film of 
clear cement over the surface of the work, and in drying this con¬ 
tracts and results in crazing or hair-cracks. Furthermore, the use 
of a steel trowel gives a glossy, streaked and cheap appearance to a 
sidewalk, which is neither good-looking nor practical. Also, a surface 
that is too smooth is not to be desired in walks, for the reason that 
when wet they are very slippery, and, besides, the smooth finish 
shows every little blemish and variation in color. There is constant 
danger of slipping on a glassy finish to a walk, especially if there is 
any considerable grade to it. 

Wooden Trowel Finish .—A good finish can be obtained by using a 
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wootleu or cork lloat, siu*li as plaslorors use, liuisliing willi a revolving 
motion in the lloating. Tlio lloating must not be done loo heavily, 
so as to siiove the mortar, but slightly, so as to eompaet the suriace 
and at the same time give it an even, unmarked appearance. The 
wooden trowel linish is especially suiietl to severe northern climates, 
as it prevents pedestrians from slipping. It is growing in popularity, 
and certainly has many iminis in its I'avor. A rough linish is less 
expensive to lay, m>t ixapiiring the time exi)ended to make a smooth 
Buri’ace. Many cities are enrorcing the wooden trow-ut linish to bo 
made on ail new walks laid. 

Brush Finish.— Another linish to the suriace is known as the 
brush linish, whic'h is had by stroking in one direction with a 
moistenetl whitewash brush applietl after the wooden lloat. The 
result is a gotid, even suriace on which there is no danger ol slipping, 
and which in appearance is etpial to the best natural stone. 

Special Tool Finishes.— Anoilier method is to indent the suriace. 
A Hinali imprint or tlot roller is used, the suriace ol vvhicii is covered 
with pointed studs tluil, in passing, indent the suriace, giving it the 
appiairance of iiaving been busli-hammered. The Hags or slabs alter 
being trued up are marked all over, with the exception ol a border ol 
about an inch in width along the edges, with I he roller. 

Other Finishes.— When a rougli suriace is tlesired, the top is 
smtnHluHl tlown ami then some coarse, clean sand silted over it. The 
troweler goes lightly over the Hurface to partially embed the sand. 
Anotlier mthhod is tt) lh»at the top coat and then lay a piece ol 
leatiuT or rubber thnvn oute tlui mortar. The sheet ol leather or 
rubber is then p(‘eled oil ilw, eemeut, leaving a roughemal surruce. 
Hornetiiues the suriace is treated witli acid tc‘ tait away the cement 
before it is fully net, hu that the sand or screenings will appear and 
make the suriace rough. 

Frecautions to Be Observed in Using Floats, Etc.— in using lloats, 
tooth rtdiers, groovers, the., it is important to Ire(pieiitly wet the tool, 
ao that it will not catch in the ciunent linish. in case such should 
liappeu, or the tot»l slip while hamlliug, some cenumt should be 
instantly dusted on tlie damagetl part and sprinkled lightly with 
water, and the lloat or trowel used to linish smooth again, and the 
ttmling or surfacing continued. 

if the top surface is worked too long with tlie lloat the cement is 
brought ti» tile surface, rt)bbing the next lower layer of its cement 
and resulting in scaling. In troweling it is very important to con- 
MolidaU^ the edges of the blocks. Tluj general temhmey tt» trowel the 
blocks low in the center must be carefully guarded against, as tlu’se 
depressions retain uaier after a rain and keep tlie walk needlessly 
wet. iHei* page 4H4.) 

Butting Top Fiuisb.—Hoinetinies the top mortar is inadvertently 
made tt»o wet, and an excessive amount of water appears in lloaling 
and tnmading, particulariy on a cool, damp day. Dusting the surface 
of the top finish, after placing, with dry material to absorb any free 
water that may have collectcul, should not be resorted to unless abso¬ 
lutely ntfcttssary. To take up this water, dry cement is soinetimoa 
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sprinkled over the surface; but this practice is very undesirable, 
since it is detrimental to the wearing qualities of the surface, pro¬ 
ducing indentations, pock marks and other defects. If the proi)er 
amount of water is used in the mixing in the first place, dusting will 
be unnecessary. The application of neat cement to the surface in 
order to hasten hardening should be absolutely prohibited under all 
circumstances. A surplus of cement makes the surface of the walk 
more friable than though the proper proportion of sand had been 
used. It will also cause the finished walk to have a mottled appear¬ 
ance, or cause small hair-cracks, owing to the dry cement forming 
little balls of neat cement mortar when coming in contact with the 
water, and on being troweled out will show spots and hair-cracks. 

The best method of removing any free water that may have col¬ 
lected on the surface is to absorb it with the same proportions of 
dry ingredients as the top finish itself, which are usually about one 
part of Portland cement to two parts of sand, and then there will be 
no excess of cement and no spottedness. 

A mixture of hydrated linae (see page 428) and marble dust, in 
the proportions of 1:2, is sometimes used as an aid in correcting the 
detrimental effect of hushing too much cement to the surface by 
the action of the steel trowel. (See page 484.) 

It is the practice of some workers to add a dry mixture to the 
surface of the top mortar in finishing in order to produce a white 
color or a colored surface. (See page 391.) 

Conditions Governing Shade or Color of a Walk. —A sidewalk 
finish frequently presents a patchy or unsightly appearance—in fact, 
it is not such an easy matter to secure a uniform shade or color 
throughout the walk. The lack of uniformity of shade or color in 
the same walk is much more noticeable than the lack of uniformity 
of shade or color in abutting walks. The variations in the shade or 
color of a finished walk are usually due to one or more of the nine 
well-known causes which may be summed up as follows: 

1. Variations in the nature of the cement and sand or stone 
screenings. 

2. Lack of uniformity in the amounts of cement and sand in 
each batch of mortar. 

3. Insufficient mixing in any or all batches of mortar. 

4. Consistency of the mortar. 

5. Amount of troweling. 

6. Character of the finishing tool used. 

7. Time which elapses between placing and finishing the top. 

8. Weather conditions and temperature. 

9. Treatment and protection which the work receives during the 
first 48 hours after completion. 

Different materials will give different results. No change in the 
brand or quality of cement should be made while laying the top 
mortar. Different brands of cement may give different colors to the 
fimsned walk. If more than one brand is used, the colors must be 
such as not to show marked variations in appearance of the walk. 
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All saiul slioiilvl bt‘ of a bri.uht, unironu color. INFo sand sbonid be 
used which coiilaius small particles of coal or li^^iiitc*. 'riu‘ water 
usctl in mixing!: the mortalr should be rrc*e from iron or otlier impuri¬ 
ties thait tend to discolor the mortar. (S(‘e page 378.) 

Although the builder may bi‘ so rortunatc‘ us to ailways obtain 
the same gradt* of imiterhds, he will (ind that uniform results are 
e([ually depmuhmt upon proper nudhods of mixing and applying tlio 
top mortar and upon careful workmanship. Lack of uniformity in 
the amounts td* ingredients in each batch will cause impeidVctious 
in the exposed surface of mortar. The inspector should make cer¬ 
tain that tiu' specified proportions are accurately and uniformly 
adhered to. (See Art. Lb pnge 152.) 

Mortar should be thoroughly mixed and not allowed to look raw 
when deposited on the conende base. If the mortar is not uniformly 
mixed, the surface will Im irregularly colored and will contain pitted 
and honey-comlHul spots. Valuable proportions of water should bo 
avoided. (See Art, 15, page 101.) 

A mortar mixed dry givt‘H a darker finish than a wet one. 

The opposite siiles of a stretcli of walk will freipiently appear 
to Ihi of ditTerent shadeH, as the result of half (d‘ it being finished 
from one side while* (he* other half was finished from tin* opposite side. 

The character of the finisiiing tool used in troweling the surface 
will iitTect the color or slmde of tlie walk to some extent. A steel 
trowel gives a darker finish than a woodi'ii trow<‘l or float. 

If the tt>p mortar is allowed to bc^eome too dry aft(‘r bi*ing float(‘d, 
and then finished with a steel trowel, it is apt to contain blotclieB 
which remain indetlnitely. 

Weather and temp<‘rafnrc* eoncUtions somedimes affect the color 
or sliinie of a walk. Tin* author lias ohH(*rved walks wdiich had been 
liiiil either in the late fall or springy of two ditTerent shades, accord- 
itig to whether they were in the suuHlum* or slimlow. Walks atTeeted 
in this miunu'r, however, usually hh*aeh out in time, hut until this 
ocenrs the iippc*ariinee of the walk is not pleasing. Of course, siieh 
eonditions are Imyoinl tlia hinlder^H control. The author simply men¬ 
tioned tliis to sliow how sensitive a sidewalk finish is to the treatment 
it receivei. 

A walk allowed to Imrden under a wet sand covering tends to 
bleach out lighter in c<dor than one which is c*xpoH(*{l to tlie air 
during the hardening period. Frenli manure jdaced over vt‘ry gret‘n 
top mortar to protect tlie walk from frec/Jng is very apt to discolor 
the walk, (See page 3flL) Dirty water dripping from tarpaulins or 
paper used for covering will cause a non-uniform color and stremks 
in a walk. (Bee page IIBO.) 

Colored Wiaring Surfaces.—The wearing surface is fref}uen(ly 
Colored, or some WfUfires are left the natural cem(*nt color and al(t*r- 
niite Wfiiftres of a tlifTerent color, so as to give a contrast and avoid 
a sameness In the sidewalk. If a colored surface is desired, tlie 
coloring mutter should he mixed with (he whoh* of tlie top mortar. 
For tlie mewt permanent results, naturally eolorfsl aggrc*gate slundd 
be omployetL When colored sand or otlier mat(*rial is not available. 
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artificial coloring matter may be employed to give the desired shade. 
Don’t use artificial coloring matter containing oils, grease or acids, 
for they lessen the strength of the cement. Only those coloring 
materials should be used which consist of the oxides of the various 
elements, since salts are liable to disintegi’ate. The disadvantage in 
employing artificially colored mortars is the fact that they cannot be 
assured to hold the same shade for all time. In fact, most coloring 
substances are bleached by the cement and are of short life. 

The following proportions are suggested, the amounts named 
being added to a bag of Portland cement containing about 95 lbs.; 

Black—2 lbs. Excelsior carbon black. 

Blue—5 lbs. Prussian blue. 

Gray—lb. Germantown lampblack. 

Eed—8 lbs. raw iron oxide. 

Yellow or BuE—9 lbs. ordinary yellow ochre. 

Germantown lampblack is more frequently used than any other 
coloring matter, and gives a bluish gray or stone color of intensity 
varying with the amount used. (See page 396.) 

The coloring matter should always be mixed with the dry cement, 
and the two in turn mixed with the sand before adding water. In 
mixing the ingredients the greatest care and exactitude are essential. 
If improperly mixed, the surface is apt to be spotty. 

It is the practice of some contractors to color only the surface of 
the walk instead of the entire top mortar, as mentioned above. 
There are several ways of doing this. One method is to add the 
coloring matter to a mixture of cement and sand of the same pro¬ 
portions as that used for the wearing surface. This mixture should 
be sprinkled very evenly over the wearing surface after it is in 
place and the surface then floated and troweled in the usual way. 
It will generally be found necessary to repeat this treatment two 
or three times, until the desired shade is obtained. The wearing 
surface must be mixed a little wetter than otherwise, so that the 
dry colored mortar may be properly worked into the wearing surface. 
This method of coloring the surface is not so good as that of intro¬ 
ducing the coloring matter directly into the top mortar as mentioned 
above, since the coloring matter is likely ultimately to wear through 
and leave the walk spotted. Results of this method of coloring the 
wearing surface are to be seen in a number of places. 

Another method of applying the coloring matter is to sift or 
sprinkle it over the surface, and then to trowel it in. This is an 
exceedingly poor method and should not be permitted, since the 
coloring matter is easily blown away. The walk is very likely to 
be spotted or to wear so, and also to flake off in places where there 
is an excess of coloring matter. 

Sometimes a very white walk may be required. White cannot be 
produced by adding a coloring matter. To secure a white walk, the 
surface may be sprinkled with white Portland cement and white 
sand or powdered white marble, mixed in about equal parts and 
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used with a si(‘V(\ the surlaei^ la^iiio' trow(‘led in the usual way. Care 
must l)e taktai in tlu‘ siirfaec^ of the walk .free tVoin dirt or 

dirty watiu*. Aiiolher mixtun* is to tuuploy enliiiary Portland eenient, 
liydrat(‘d linns and marhl(‘ dust or white sand, mixed in the pro[)()r- 
tions of 1:1:2, and sprinkh'd lii'htly ovtu* the surlaee with the aid 
of a sieves them linislnMl with the trowel in (lu^ usual way. 

Marking or Blocking Wearing Siirface.—There Ttiight possibly 
he some ehane(‘ I’or ar.eunumt r(‘gardinj;' tlie proper surTaec treat- 
nnuit whi<'h a walk sin add reei^ivts hut ecu'tainly tli(‘ marking of the 
wearing surface* into blocks will not p(‘rmit of any. Preserving 
j(fmts in the concrt*t(* base of walk has already h(*en mentioned (see 
page* *l7ti). These are tln^ real joints and the mauicings in the top 
shouhl always occur over them. Care must he tak(*n to see that the 
top inortar is cut (‘ntir(*ly through on exact line above the joints in 
tin* has(‘. This may In* dom* by a trovvnd working along a straight 
(ulgc*, af’tc'r which tin* (‘dges are round(*d olT with a special tool 
called a join((*is having a thin, shallow tongue. In cutting the top 
mortar tin* trowel slnudd In* held to cut, and thus avoiding dragging 
and t<*aring tin* cMlgc*s, Sp<*cial tools may In* lunl for cutting through 
tin* mortar and rounding tln^ (*<lg(‘S of tin* joint at one operation. 
Tin* cutting is oftt'U inditTercntly done, and sometimes tln^ cut through 
tin* vv(*aiang surface* is not dir(‘ctly over tin* cut, t,hrough the base. 
Tln*n if there* is any s(*tth*!n(*tit tin*, top will crack in an irregular lino. 

Tin* marking is sonu'times done by tnea,ns of a chalk lino stretched 
hetwt‘cn tin* ends of the dt*sir<*d mark. This line is then pressed into 
the Hoft('r mortar with a small (roW(*l, ami, being removed, leaves 
tin* tnark, A tianvcl or sp(*cial tool is then ns(‘d to cut the moj’tar 
througlj to the hast*, folhAving tin* mark made* by tln^ chalk line, and 
the joint thiisln’d by a grooving tool, which lt‘av(*H a r()imd(*d (*dge. 

()rt«‘ntim<*H, through careh*sHnc»Hs, tin* joint in the moi’tar is not in 
line wifii the* uinler joint, li cannot In* too strongly insisted that, 
nun king of tin* wc'aring surface* into hhndcs shall he directly ov(‘r 
tin* hha-k jointn In the hast*. If this is not done the n-mrtar or top 
surfact* will chf‘<*k aenws (*ven with the lower joint, tlins impairing 
the* work, ihidt'r Huch circumstances zig/.ag cracks will app(*ar from 
hi to 1 in. frtim tin* lint* shown on the surface*. Wait'r will 

aim get in at the joint under tin* top mortar at\d freeze, causitig it 
to hrtuik. More walks art* disfigured by failurt* to provide proper 
joints tlian from any other cause. The inspector must set^ that the 
maiking is thuu* with a totd which cuts clear through to tin*, base. 
Jtnnis miiHl be continuous to prevent cracks from running into 
adjacent nlnlw, 

rinifthing Edges of Walk.—A trowel should be run along side 
ftu’um as far as fliiisln*d, cutting about 1 in. de(‘p, and h(*ld in such a 
way iiH ftJ crowt! the mortar hat'k from the form about Vs 
edge's of the walk are mm finished by placing a ([uarter-round tool 
into the trtnvel cut and Hliding the Harm* along the side form for the 
whoh* lengfh finished, repeating tin* opcu’ation on the other side. Pare 
must he tala»n to prions ou^v hard (*uough to tuak(* an (*ven ami straight 
furrow'ed etige. T!u* edgt*s an* gi*iu*rally round(‘d olf to a curve of 
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about % in. radius. An edging trowel, wliieh is a small float with 
one of its edges curved, gives a good finish. The outer edges are 
sometimes beveled. 

Workinanship.--The finished surface should be hard and dense 
and free from any defects of workmanship, such as depressions, 
elevations, etc., and should conform to the proper grades. In other 
words, the finished walk should show an even, true surface, free from 
sags, humps, pits or other defects. The troweling should be done 
so that if a four- (4) foot straight edge is laid in any direction 
upon the walk a space greater than Yg of an inch will never be 
found under it, and seldom a space greater than 1/16 of an inch 
will he found. A certain specification in the author’s possession 
requires that when a straight edge five (5) feet in length is laid 
upon the surface at any point, except at grade changes, the surface 
should at no point vary more than % of an inch from the true edge 
of the straight edge. 

Before the final release of the work all concrete sidewalks should 
be carefully inspected and sounded for defects, and any hollow or 
otherwise defective blocks should be cut out. Relaying of top 
course only, should not, as a rule, be permitted. (See page 445.) 

CAEE AND PROTECTION 

After the surface has been finished the walk is left to harden. 
Care must be taken to prevent it from the elements and traffic until 
it has set. (See Art. 29, page 335.) 

Protection from Rain.—The finished walk must be protected from 
the direct impact of rain while it is still soft. Rain falling on soft 
mortar washes and pits the surface, making it rough and unsightly. 
Any covering that will prevent the direct impact and wash of the 
rain on the green mortar is satisfactory. This can be accomplished 
by covering with roofing paper or canvas. 

Protection from Sun and Wind.—Cracking may be caused by the 
upper surface of the walk drying out faster than the bottom, acting 
very much as dried mud in a river bottom, where the sun dries the 
top first, which shrinks and breaks up into small blocks. Subsequent 
shrinking in the lower stratum only increases the width of the cracks. 
For this reason the surface coat must be protected from the hot sun, 
after placing, to prevent too rapid drying, which weakens the mortar 
and causes hair-checking or map-crazing. A strong warm wind 
blowing over top-finish mortar while soft is very apt to check it. In 
other words, if the surface of the setting cement is not protected 
from the direct rays of the sun, cracks will generally be produced. 

Various methods of protecting sidewalks from too rapid drying 
are available. Some contractors employ sand as a protection, placing 
it where the walk is hard enough so as not to injure same, removing 
it when the walk is thoroughly hardened or fully cured. The sand 
shduld be of sufficient depth, generally % in. will answer, and should 
be wet thoroughly with a hose nozzle as often as may be necessary. 
Sawdust, shavings, straw, grass, cloth, paper, etc., are other means 
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of eovorhv^' lhat may Ix^ adopted. Fr(‘slily cut p:rass answers very 
well wluai it can l)(‘ had, Ihou.eh anything' that will absorb waUw 
and can he sprinkhnl wilhoni lannoving can be used. 

Curing Sidewalks.™--'Phere* is a considei'able variation in the expan¬ 
sion oC l(‘an and ri(di moi’lar when alternatcdy wed and dry. For this 
r(‘ason (lu‘ base and t,op shonld l)e kept in the same wet eomliiion 
long: (Miongii to mak(‘ siir(‘ that tlu' cheniiciil and }>hysical chang'(‘s 
which ('aus(‘ tlu^ bond hav(‘ an oi)portnnily to become complete. This 
re(|uir('s phmty ol‘ tnoislnre lor some time. However, do not pnt 
waU‘r on Ihe sid(‘walk until it has set hard, usually aflcu* 12 or IS 
hours; Hum it becomes very necc^ssary to keep the walk wet Ihor- 
ong'hly and coldinuoiisly for as long a time as economy will permit. 
Sprinkling the surllu'e beroim Ihe cenumt lias thoroughly set may 
cause blisfiu's, which mar the work. (See page 348.) 

'Poo much importance cannot be attached to the curing of walks, 
as in th(‘ rapid drying days the s(4. or hardening of the concrete will 
be unduly hastcuuul, with a decrease in the strength of the work. 
The surface should be covered with any of the coverings mentioned 
above, for at hrnst the tlrst 12 hours on such days, and then by 
wtdting thc‘ work w(41 twice a day for s(‘veral days tlu^ material will 
lu‘ givcm a fair chanei* to attain the maximum strength and dura¬ 
bility. (‘oncrc4(‘ sidtuvalks after setting up can hardly have too much 
watcu’, proviiled tlu' water is not daslual on while the surface is hoi 
from exposure' to ihe sun nor whiU' still too soft to n'sist tlu' washing 
action of till' wati'i’. Watt'i* is a very important elenu'iit in tlu' curing 
(d* all ct'meni work. Sidewalks should he kept cov(*red for a week 
and constantly w«‘t, Tlu*y should not be allowed to dry for a moment 
ad. any time during the first week. It is known that vvt'tiing tlu' 
surface will also pnulucc^ a whiti'r walk than one that is allowed to 
dry out (jiduddy. 

Protection from Traffic or Accident.—Special care must bc' takmi 
to protiad tlu* walk at night. It should be IVncaul off so tliat animals 
may not walk ov(*r it u hih^ still fresh. This applies espi'cially to 
dogs ami cals, which have disfigured many an otlu'rwise good walk. 
These harricauUm should be* at least 3 ft. high at each <'nd of ihe 
walk. On the sides ui' walk the sanu' or other kind of sunicieut 
barrieade shouhl he used to protect the walk from injury and guard 
the public against nccith'ut. All barricades should he properly pro- 
tiH'ted by red liglits at night. If uec(‘HHary, k(‘ep a man in eharge to 
ke<*p animals and persoim from walking over the newly laid walk. 

The* walk may he ope'ued to light travel after about four days, 
but it is better to rt*main ec»verc‘d with damp sand, grass, etc., for a 
wec'k t»r two, to prevent wt'ar while tender. 

Protection from Frost.- Sidewalks should not be const rucie'd dur¬ 
ing cold weather unless unavoidable. Where work is plaee'd in 
freezing wa*ather, the surface ean be cov(*red with sand, and upon 
this manure can be placed, with a covering of canvas or tar papc*r to 
prevent the rain or snow falling on the manure and thus leaching 
through to tlu* eoncretf*. Frt'sh manure must never lu* applied directly 
to the walk| or the mortar surface will be discolored by the manure 
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as well as injured by the aiurnuuia in Hiyue. It etuistnudIon in 
freezing weatlier is uiiavoidabl(% tlie rules uiveu |»r«‘\ ituisly It»r van- 
eretina* in freezin. 2 : weatluu’ should he earefully tollouetl. {Si*e 
Art. 33.) In freezin^r weather the same preeautiotis as hi lioafiiiir 
the aa’arefifafes, etc., are tieeessary as in otlier elassi*^ of eonerete 
work. The covering should nunain on walks lai<l in fn^ezini? weatlier 
for at least three weeks. 

CHEANINa UP AFTER COMPLETION OF WORK 

Cleaning Up. —After the walk has been eoniplelei! the street in 
front of same should he cleaned of all surplus !niitf»riid, eeiiuait, sand, 
broken stone or gravel, barrels, etc., used in its ccinstriicdion. 

G-rading.— "The slopes and parks sliouhl he gmdi*«l fti eniiforffi to 
walk and curb grades (or to lines indicated on tin* phiiil litnl dres»4od 
with fine earth, raked and left smooth. (Irading on the etirli side 
of the walk should generally be about an incli lower tliiin the stdt»- 
walk, and not less than one-qnart(*r (14) to the foot full toinirds 
the curb or gutter. On the property side of tin* wfilk the ixroiiiid 
should be graded hack at least 2 ft. and not lower tliiiii the witlk. 
This will insure the frost throwing the sidewalk iilike cm hofli nidf^. 

Sodding.— If sodding is speeiticnl, the lawns niitv In* soddeil willi 
bluegrass sod, free from weeds. All joints slioidd lti*‘hiaiki*ii in Inyiinr 
and the sod laid to a uniform and even surface. The witliltiig i4lii»tiid 
be kept sprinkled until such time m the* tint Ire tniprovciiieiit iitny tn^ 
accepted. If the lawns are already in grass they stioiild ho hdl iii 
proper condition and any unnecessary damage slioiild ho rcpiiire*!. 

Seeding.— Parks may he sowed with wliitc clover wteil of giiiid 
quality, using one pound of setHl for cacti three Iiiiiidretl pilifll jniintre 
feet. 


Art. 62 . Concrete Curbs and Outt«i 

Closely connected with concrete sidtnvalk const met Itiri h flic fiiiit. 
ter of providing concrete curbs and ruttem Chirim are iifiiiiiily 
6 to 8 in. wide and 12 to 18 in. deep, 6 to 8 in. of wliich iilmie 

the surface of the roadway, (hitters are tiiimlly 2 fii B ft. wide, 
sloping towards the curb, and have 7 or 8 in. of crmcrcti ti¥crlsyitii.r a 
sub-base. 

Most of the general and specific instrticfion to Im fiilltiwnl iii 
inspecting concrete sidewalks (see Art. 51) ii »|i|iliciili|ii tti tdllicr 
concrete curb or combined enrh and gtiffer miwtriirtiiiii. In ntiipr 
words, the constniction of curbs and gutters ^limild folliiw tlic 
principles as to excavation, fill, concreting, ffnwliiiif, ntc., ii imtittio*! 
for sidewalks. 

Concrete Materials.— The cement sliould mnply ivitli tin* Ktiniiliin! 
Specifications for Portland cement of the Aifiericiin Sf«dHv f.ir 
Testing Materials, adopted June, 1004, tcigidlier wllfi 
changes and amendments. (See alw Art. 4 , pupi 4 %) 

The sand, broken stone or gravel, and water for coiicreto ^lirtiild 
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coiiiorm to the re((uin‘meiitH s(al(‘(l for sidewalks. In tliis eonucc- 
tioiu see (liapler II, pa^^’e 70. It is sometimes spee.itied that no gravel 
g;reater than 1 in. iti diameter shall he list'd, ddie inspetdor will, of 
course, he g'ovt'rned hy the speeitieation retiuirenu'iit as to the size 
of aggrt'.irntt*. 

Sub-Grade."- The excavation should he made to the sub-grade 
previously dt'tt'rmined upon, which should he ot“ suOicient depth so 
as to get ht'low frost. 

Th(» necessary grading for prt'paring the base or sub-grade and 
compacting it to rendtu’ it suitable tor curb and gutter construction 
should he cart'fully done. It is sonu'tinu's rtsfuirt'd that suthcient 
grading he done in each case to leave a hacking of at li'ast 5 ft. in 
width hack of it, and on a It'vi*! with the top of the curb, such tilling 
being c<»mpacte<I and slopctl down to a solid base on a slant of 
one aind cme-half to one. 

All soft, l)oggy, spongy or dt'fective plaees sliould be removed 
and all di'preHsions filled with Huiiabh' tilling mati'rial, whicdi should 
be thorougldy compacted by flooding and tamping in layers not 
excHH'ding il in. in thickness. 

Wiu'u the snh-grmU^ occurs on fills exceeding 1 ft, in thickness, 
its prr'paratio!! iH'quires vc*ry careful attention. In all cases fills 
must he thoroughly compacted, 

Bub-BMe.-.■■■Upon tlie Hub»griide pri'pared as above, and after 

inspection and acceptance of the same, should be ])laced a founda¬ 
tion <d’ compacted coarse sand, cinders and otlier suitable material 
as nu'titjoin'd ft>r sidewalks, of not It'ss than (5 in. in depth, such 
saml, cimh'rs, c*tc., to be free* from eai’tliy and other objectionable 
materials. Tlie sul)«base may consist of a layer of broken stone 
or gravel tl in. thick, or fl to 12 in. of cimh'rs, tlu^roughly rammed. 
Tfunp wc'll and evenly, and thoroughly drench the cindc'rs, gravel, etc. 

Tlu' preparation of the foundation should lie similar to that 
rcapnred for a sidewalk, care being taken (hat the suh-haso be 
thoroughly ilrained, the drainage sysit'm In'ing connected with sowers 
or <dlu*r drains as may be indicated on the plans. 

Forms/—After tlie foundation or tlie top of the suh-haso has been 
brought to the proper distance lielow the grade stakes, forms are 
placed for the eurh or the eomhlned curl) ami gutti'r, hi'ing of such 
shape and dinu'iwions ns may he recfuirc'd. These forms should be 
hekldn place l»y stakes set by an engineer at points m*e(^ssary to 
ncenrately designate the line and grade of tint proposed curb and 
gutter. 

The material f«»r forms slmuld be 1^.4 stuff, dressed on 

tlie edges and on the side next the eoncrc'te. Special metal forms 
may he c'mployeiL 

At least onee in every one* hundred and fifty (150) fi'et, expan¬ 
sion joints Klioiild he provifled, tlu'se joints to he eonsiructod as 
apcieilif'd or m may he recptirc'd by the ('uginei'r. 

Concrete Body.—After forms are in position and have been 
carefully inspeeietl, the concrete base should he deposited. 

Materials for tlm concrete body of curb, or combined curb and 
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gutter, should be proportioned according to the voids in the aggre¬ 
gates, not exceeding 1 part Portland cement to 8 parts fine and 
coarse aggregates. When the voids are not determined the concrete 
should be composed of 1 part Portland cement, 3 parts fine aggregate 
and 5 parts coarse aggregate. 

Materials should be mixed wet enough to produce a concrete of 
such a consistency that it will flush readily under a light tamping 
and which can be handled without causing a separation of the coarse 
aggregate from the mortar. 

A layer of concrete should be deposited to the top of the gutter 
formed and tamped, the width of the gutter, io a surface all points 
of which should be at least the thickness of the wearing surface 
below the finished surface of the gutter. Concrete placed for the 
curb should be tamped and the remainder of the concrete placed and 
tamped to permit of the application of the required wearing surface 
to the face and top of the curb. 

In constructing curb or combined curb and gutter, particular 
attention must be given to have all templates perpendicular between 
the stones. All stones should be of uniform length, of about six (6) 
feet, and should be separated from each other by a ^/^-in. sheet of 
steel templates made to conform with the shape of the curb or 
combined curb and gutter, which are to be removed after the cement 
has sufficiently set. Pill in the cuts thus formed with dry sand. 

Finishing or Wearing Surface. —^Immediately after the completion 
of the body course, and before the cement therein has had lime to 
set, the finishing or v/earing surface should be added. 

The mortar for the finishing surface should be composed of 1 
part Portland cement and not more than 2 parts of fine granite, 
flint or slag screenings of a size not exceeding that of ordinary coarse 
bank sand, and it should be free from all foreign materials. The 
consistency of the mortar should be such as will not require tamping, 
but which can be easily spread into position. 

The gutter should be sloped to meet the requirements of drainage 
by increasing the thickness of the top coat on the side nearest the 
street. Work to an even surface with a straight edge laid parallel 
with the curb. 

Wearing surface on the gutter and on the top and face of the curb 
should be at least % in. thick. 

Edge of the curb on the street side and the intersection of the 
curb and gutter should be rounded to a radius of about 1^4 in., all 
other edges to have a radius of about 1/2 in. 

All exposed surfaces should be carefully finished by troweling to a 
smooth and even finish, and must be left free fi'om irregularities 
and depressions. Do not let too great an interval elapse between 
floating and troweling. Use a curved trowel for top corners of curb 
and angles between curb and gutter. 

After troweling, finish with a soft brush; an ordinary hearth 
brush or whitewash brush will do. If the top is too dry, sprinkle 
with water. The brush will take out the trowel marks and give an 
even texture and color to the finished work. 
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The wearin^ir; surface should be cut directly over the cuts made 
in the concrete base, leveling* the edges of the cuts with a jointer. 

An excellent finish may be obtained by taking the forms down 
within 24 hours and rubbing the surface with a cement brick made 
1 to 3, instead of using a brush as mentioned above. The brick 
should be formed so as to fit in and around the corners. When 
rubbing, use wet sand. This will polish the surface and remove all 
marks of the forms, also any efilorescence (see Art. 31), and prevent 
hair-cracks and crazing. 

Any spalling or splitting off whatever of the finished surface, 
either at the joints or in the body of the section, should be suffi¬ 
cient cause for rejection. No patching of any character should be 
allowed. 

Protection. —^When completed, the curb and gutter should be kept 
moist and protected from traffic for at least a week. In other words, 
protect the work as previously described under Sidewalks. 

Art. 53. Concrete Pavements 

Most of the general and specific instructions to be followed in 
inspecting concrete sidewalks, as stated in Art. 51, are applicable to 
concrete street pavement construction. In this ease, however, even 
greater care must be taken to see that the pavement is monolithic 
from top to bottom, so that there can be no separation of layers. 

Concrete for concrete pavements must be more thoroughly mixed 
and of higher grade than is necessary in any other form of concrete 
construction. 

Concrete Materials. —The cement should comply with the Standard 
Specifications for Portland cement of the American Society for 
Testing Materials, adopted June, 1904, together with subsequent 
changes and amendments. (See also Art. 4, page 43.) 

The sand should be clean, coarse, and of good quality, free from 
all foreign matter except clay, which may be permitted if the quan¬ 
tity does not exceed 5 per cent, and provided it does not occur as a 
coating on the sand grains. The sand should all pass a No. 4 mesh. 
The screenings, all of which should pass a No. 4 mesh, should be 
crushed from clean, sound, hard, durable rock, and should be clean, 
dry, well graded and free from excessive dust, which should not occur 
as a coating on the particles of stone. 

The coarse aggregate may consist of broken stone, gravel, broken 
brick, burnt clay ballast, slag, clinkers, chats, and, in fact, any good 
firm material that is able to stand exposure to the weather without 
breaking down, that will not melt or be readily attacked by moisture 
or acids. It should be so broken or screened as to be retained on 
a one-quarter (^/4) inch mesh, and pass in any direction through a 
one and one-quarter (1%) inch mesh. The broken stone should be 
from clean, hard, sound, durable stone, and should be as nearly 
cubical in shape as possible; the gravel of good quality; the crushed 
slag from hard, dense, blast furnace slag, etc. 

The aggregate should be graded as uniformly as possible to the 
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sand grains. Well-graded gravel forms one of the best aggregates 
that can be nsed for concrete pavements. If crushed stone is used, 
the screenings should be retained in the stone unless they are of such 
a character as cannot be well used in the place of sand. Only hard 
material absolutely sound and free from all soft particles should be 
in the aggregate. 

Care should be taken that careless workmen do not get dirt into 
the stone and sand in handling it on the street. 

Stakes.—The inspector should consult with the foreman as to 
when lines or levels will be needed, and arrange to get word to the 
engineer about two days ahead, so tliat the work will not be delayed 
on account of prior engagements of the field parties. 

Grading.—The preparation of the surface of the earth for the 
laying of the pavement is practically the same as that required for 
sidewalks, as described on page 467. 

The entire width of the roadway should be graded to the proper 
sub-grade to permit of the specified thickness of paving materials 
being laid to bring the finished surface of the pavement to the lines 
and grades as established by the engineer; the bottom of the excava¬ 
tion or top of the fill, when completed, being known as the sub-grade. 

The sub-grade when properly compacted should be parallel to the 
finished surface of the pavement—^that is, all slopes, elevations for 
crossings, etc., should be produced in and formed by the sub-grade. 
The ground must be formed carefully to the contour of the finished 
surface. Care must be taken to see that the sub-grade is at the 
proper distance below the finished pavement equal to the amount 
required by the specifications. 

All soft, spongy or yielding spots should be dug out and refilled 
with good, clean, hard material, such as broken stone, gravel, etc. 
All vegetable or perishable matter must be entirely removed from 
the sub-grade. 

Fills required to bring the sub-grade to the proper elevation 
should be made in 6-in. layers, and each layer should be thoroughly 
tamped or rolled. 

Where poles are to be moved, pipes to be lowered, valve boxes 
to be readjusted, conduits rebuilt or work of like character encoun¬ 
tered, the inspector should make out a complete statement (usually 
on special blanks provided for that purpose), giving exact location 
and name of company, whether gas, telephone, telegraph, water-works 
or otherwise, and hand to or mail to the engineer as soon as stakes 
are set. The engineer will then notify the company by letter. Tlie 
inspector should give these companies a reasonable time to satisfy 
the city^s demand, after which notify the engineer again in the same 
way, and not the companies direct. The failure of such companies 
to remove the obstructions promptly does not warrant the rooting up 
of pipes or chopping into poles. 

Sub-Grade.—The sub-grade should be brought to a firm, unyielding 
surface by means of heavy rollers and tampers. The steam roller 
should weigh not less than 10 tons, and the hand-tamper should be 
about 10 in, in diameter and weigh not less than 50 lbs. The rolling 
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should Ih‘ carefully and tlinruu^iily dune, and care should be taken to 
|i.ct all sewer, water aiul gas pipe trenches well rolled and solidly 
packed. 

The itisptHdur should satisfy hiinseif that the sub-grade is dressed 
to the correct d(*p(h and crown as sliown on the cross-section, and 
ki*pt in shape. To insure the grade being at tlie proper elevation ii. 
should he tc^sted with a street gauge, and any inn)eri:ections corrected. 
It is important as a matter of economy iii construction that the sub- 
grinie be prt^panHl carefully and truly to cross-sections and grades, 
so that additional concretts which is expcmsivc, iuhmI not be employed 
in filling up depresslouH and uneven places on the sub-grade; but it is 
better tliat tlie sub-grade be a trifle too low than too high, in order 
to avoid thin plact^s in the concrete from the latter cause. 

Where consi<h*red necessary or of assistance in producing a com¬ 
pact, Ht»lid surface, the suh-gnuh' should be thoroughly sprinkled 
with water applied through a hose provided with a sprinkler noz/de. 

The Huh»griide slundd be ho thoroughly compacted by rolling and 
tamping that a wagon with 2-in, tires loaded with 2 tons of material 
can be tlniwn over it without making an appreciable indentation. 
This applies to a clay or heavy soil. When the material is sandy 
or gravtdly, such liardness in the rollcal surface cannot be obtained. 
Xo allowance for enunpression iti rolling Hhould be made on bard, dry, 
cilay »oili4. 

Ill gratUng where Hands ami gravels which do not hold water are 
eiicoitiilereil, the pavement may be laid directly upon the properly 
prepared sub-grade, as mentiomnl for Hidcnvalks; but upon a founda¬ 
tion of ordinary <lirt, clay or loam, a suitablci sub-grade as herein- 
iifter iiiimtioned should Im used. 

Snb-Bai©.—If tlie sul)-grade is sandy or gravt3lly, the concrete 
biine of tlie pavement can rest directly on it. In clayey and other 
water holding noils, Imwtw'er, there should be a 0 to 10 in. sub-base 
of ciiidf rs, nlfig, gravel or brokcai hIoiun the material ranging in size 
from 14 sub-bus© is placed to minimize the danger 

from frost. 

All fills in the Hub-biiHti shoultl be made in thin layers, well 
iitciisleiied and rolled with a steam roller to a (irrn, unyielding sur- 
fiictt that tioes not “wave’^ in front of the wheels of the roller. 
Wliere the IliiekneHS of the sub-base (exceeds (I in. it should bo laid 
mid roIltHi ill two layers of eipial thickness. For a monolithic pave- 
iiieiit, such fis concrtde, this pc*rfec.t preparation of tlie sub-base is of 
great iriiportance, and extra cart* must be used in twmry instance. 
The .Hiihdiii-He must be rolled to a uniform surface, parallel to the 
liiiiil roiidwiiy mid at the proper distance below same. 

The use of proper material in tin* Hub-base and careful compaction 
of til© «iiiwe are td’tt»n negh‘cte<h A concrete pavement widely 
iliitribiitcs 111 © Imni bnmglit upon it, ami wliih* po(»kets in I he sub-base 
limy be bridged by the use of concrett*, they may bt^come of such size 
li^ tt» ciiitw fiiilurii. Tiicreforc, the fnib-base must be prepared in such 
ii way iw to iivoicl the formation of pockets. 

Bffor© laying the eoaerete base the sub-baso should be well 
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iprinkled with water applied through a hose fitted with a sprinkler 
ozzle. 

Before laying the concrete base the sub-base should be well 
iprinkled with water applied through a hose fitted with a sprinkler 
lozzle. The amount of water needed varies with the character of the 
;oil. Unless the sub-base is wet, it may absorb enough water from the 
joncrete to prevent its setting properly. 

Drainage. —Drainage should be provided for in all cases where 
latural drainage does not exist. The artificial drainage system should 
3 e constructed and connected with the sewers or other suitable 
)utlet, as may be directed by the engineer. The inspector should see 
:hat the drain tile is cemented into the outlets (if so required) and 
ihould replace any broken by rollers or stakes. 

If the pavement is a country road, either a tile or a French drain 
should be provided along the sides, when in the judgment of the 
3 ngineer the same is necessary. The bottom of the said drain should 
36 at least 12 in. below the crown of the sub-grade. The outlet and 
ateral blind drains should be provided as indicated by the engineer. 
Surface water should be taken care of by side ditches of sufficient 
capacity to insure proper drainage. Side ditches should have sulficient 
?all to carry the water quickly to the adjacent streams and not allow 
t to stand in pools along the sides of the road. 

Shoulders. —^When the concrete pavement is not abutted by a curb 
ind gutter, there should be provided instead a shoulder of gravel or 
3 roken stone of a thickness at least equal to that of the pavement 
ind of a width of at least 3 ft. These shoulders should be thoroughly 
rolled and compacted and should be given a transverse slope away 
^rom the pavement of not less than 1% inches for each foot of width. 

Under ^uch conditions, the edges of the pavement should be so 
doped as to form a beveled joint between the pavement and the 
shoulders. 

Cover Castings. —The inspector should see that valve box and 
nanhole castings are not only to grade but to the proper slope of 
:he crown. 

Curbing. —The inspector should keep memoranda of the place and 
ength of all curb redressed or reset. If possible, get all old curb 
reset together in the same block from which it was taken. The 
inspector should not order out old curb without orders from the 
3ngineer. 

Circle Curb. —^In case the plans do not show details of circles on 
slant corners, or ogees on offsets, the inspector should apply to the 
engineer for the necessary information. 

Measuring and Mixing. —The fine aggregate and the coarse aggre¬ 
gate should be measured in suitable bottomless measuring boxes as 
mentioned on page 156, or by equally accurate devices. Measuring 
material by wheel-barrow loads or shovelfuls should not be permitted 
mder any circumstances. See Art. 14, page 152. 

A batch mixer should be used (see page 171). The ingredients 
of the concrete should be mixed to the desired consistency and the 
mixing should continue until the cement is uniformly distributed 
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and tlio mass is iinirnrni in color and hoinoo-onc'oiis. Whenevor pos¬ 
sibles tho co!icri‘(t‘ should be' eU‘[H)silt'd dircH'ily IVoni tlui mixor lo 
positie)!! ^^’i<lu»nt re^haiidlim*’. 

When it is nt'ct'ssary te> mix by haiiel (sec pa^’e ITb), the (anneni 
and tine a.u'pH'pite should be^ tnixeel dry on a waier-ti|>‘lit platform 
until iiie mixture is of’ a uniform e'olor. For the wearing siirfaea', 
the water sliould flam be aelded and the mixing e^ontimied until the 
mortar is of a uniform c'olor and homogeneous. 'For the base, the 
reapiire'd amount of eaiarse aggrt'gate ami water should be added and 
the mixing etuitiuued until tlie mass is of uniform color anel 
liomogene'ous. 

(^are should be exereise'd in the amount of water used. A few 
experimental lmt(du‘s, mixed with varying (piantities of water, will 
(U'terniine the pr<>per atncmnt, Tlu'u be sure that the proper ciuantity 
is us(‘d by luuing the wattn* measured for ev(‘ry baicb. The nu'thods, 
too oft ('ll (‘inployt'd, of dashing a promiscuous numbc'i* of bucket fills 
ov('r the mass, or of adding watc*r with a liosc^ connected to the water 
main, art' a little (‘iisier, but are sure to result iu couerete lacking in 
uniform dc'Usity and Htrc*ngtln 

(’oneri'tt' siiould md la' mixed or deposited when the temperature is 
Ix'low freezing. If at any time during the progress of the work, the 
t(‘mp(‘rature is or in the opinion of tin* enginc'er will be within 24 Iirs. 
below 35” F., the water and aggregate's should be healed and precau- 
tions taken to pndeet tlie work from freezing for at least 5 days as 
mentioned in Art, XL 

TormB,-- Forms nkmg the sidt's of the pavenumt are desirable not 
only to eontinc^ tlu^ eomu’ete and to tix lines and grades as mentiotu'd 
on page 472 for eoiu’rete sidewalks, but are the most available tracks 
to support bridge's from wldeli the tlnislu'.rs may work. With this 
weight on fliem, it is neet'ssary to make llu'm substantial and to stake 
tlu'm H«*eurely, (hirlis ahmg the sides of a streed se'rve the same 
purpose. liy using a template, cut to the proper curve of the crown 
and rt'sting on the side forms, a wavy surface is avoided. (See 
page 475.) 

Favenaent Proper*—In general, two methods of laying concrete for 
pavement purposes have been followed. One, where the material is 
put on in two layers, the lower material acting as a base, and the 
upper miiterial being macle richer to act as a wearing surface; and 
the other, wdierti the concrete is made of the same consistency 
throughout luid put on in one layer. In two-course construction the 
pavement should be itiade t>f a 4 to 0 in. concrete base and a % to 
2 in. wearing :mrfiice, tiepending upon the extent of the trallic. 

Concrete Bati.—rptm a prop(*rIy prepare'd sub-grade or sub-base 
as mentioned itbfjve should !m depositeal the concrete base of the 
pavement. This concrete niiiy lie compost'd of Portland eemenU sand 
or stone screenitigs and itti aggregate, edther liroken stone or slag 
or Heriiened graved ii« mentioned above. 

The concrete slimtbl be mixed in proportions of about one sack 
of Portliiiid cement to three (3) cubic fi'ct of sand or screenings, 
and live ( 5 ) cubic feet of coarse aggr<*gate. 
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A wet mixture should be used for the concrete bnse, but not so 
wet that it will creep toward the curb or sa^ out of place when 
deposited and lightly tamped. The eonerete should be very quaky 
and, in fact, should flow readily, but should not run like thin milk. 
It should be like a sticky, heavy cream. 

The concrete base should be deposited across the entire roadway 
as soon after mixing as is practicable. In no ease should more than 
thirty minutes elapse between the mixing and depositing of I lie 
concrete base. Ketempering of the concrete base should not be 
permitted. 

Each day^s work must be a monolith. The spreading and the 
ramming should be so done that each successive batch will bo rammed 
before the preceding and the adjoining batches have begun tlieir 
first set The concrete must bo solid, not porous, (hireful or thor¬ 
ough tamping must be insisted upon. The stiffness of the concrete 
after tamping in place must bo such that the fresh mass will retain 
its form and will not crumble when the boards arc removo/1 pre¬ 
paratory to filling the adjoining space. Properly managed, there 
will be no lines between the batches, which will all bo merged into 
one mass. 

If, for any cause whatever, even at noontime, it is necessary to 
stop work, place a form across the street or road, and complete tlu‘ 
work to this form. When this is not done, an irregular line of weak¬ 
ness is formed where batches join, and cracks are likely to devidop. 

The concrete should be well tamped to the proper surface bc‘lovv 
the finished surface of the pavement, as required by the speeifiea- 
tions, with 8-in. hand-tampers weighing at least 20 lbs. each. 

The placing of reinforcing material, if any, should immediately 
follow the tamping of the concrete base and should be tamped in((» 
the base enough to hold it there, and the top course or wearing 
surface should be placed immediately. 

Expansion joints should bo provided at the curb line % in. wid(‘, 
and every 50 ft. across the street wide, formed by means of 

wooden or metal strips set in place. These are removed and replaced 
by paving pitch as mentioned on pages 478 and 502. 

Wearing Surface. —The wearing surface should be placed at tlie 
same time or immediately following the concrete base, so as to 
make one solid layer. It should be put in place within thirty 
minutes after the base has been placed, if posai!)le, but und(‘r no 
circumstances should it go on after an hour. The construction of 
the wearing surface is the most critical part of the work, for upon 
it depends the durability of the pavement. 

The wearing surface should not be less than % in. thick. The 
usual thickness is from 1 to 2 in. 

The best aggregate is crushed granite or trap, or a mixture of 
this and sand. Screenings should he coarse and well graded from 
approximately the sij'.e retained on a No. 40 mesh to the largest Hiz“ 
passing a No. 4 mesh. One-quarter (i/i ) meh crusher run screenings 
or screenings containing more than five (5) per cent of material 
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imss’mu' a No. 40 rnesh Hvvvini should not be allowed, (''lean, coarse, 
wt4l**^ra*leti, ban!, siliceous sand may be, at the option of the engineer, 
substituted lor screenings. {Such sand should not contain more than 
ten (Id) per ctuit td' material passing a No. 40 mesh. 

The W(‘aritig surtacc may be composed ot one (1) part of Port¬ 
land ccjttcut to one and ouc^-half (U/ii) parts of stone screenings or 
sand. Some engineers predVr to use proportions of about one part 
ccituud to one and tme-half parts sand to two parts of crushed 
Hcreenings. 

TIh' materials fiir the wearing surface should l)e thorougldy 
mi\«*d. first ilry and then wet, either by hand, in a suitable mortar 
box, or in a hatch mixer (see Art. 15). The mortar should be of such 
a consistency tliat it can be floated into place with a straight edge 
witlmut tamping, and it slmuld be deposited on the base within 
thirty (OO) minutcH after mixing, or before it shows any tendency to 
Imrdcn. 

A thin mortar coat of neat pure cement mortar is sometimes 
spread o\er tlie base to a depth of about an eighth of an inch and 
tlie wearing surface then put on. 

Tlie wtuiring nurface Hhoultl be floated with wood floats, as steel 
floats product* too smooth a surface, and brushed with slilT vegetable 
fiber brushes or lirtHUiw liefore compltd.cly hardened The surface 
may be left in this condition, or, after floating but before brushing, 
it may la* marktul of? in rtsdangular blocks by grooving, in order to 
picnitb* gtaal fnotliold for horsf^s. 

Kniiictimcs the nurface is not floated but the topping is put on and 
tampisl stmiewhat, after which it is swept with a very coarse broom. 

OccfHintiiilly the surface is treated with acid to eat away the 
ccmciit licfori* it is fully sed, ho that the stones will appear and make 
flic Hitrfncc rough. 

Hornetimes, after tlie wearing surface is on and before it is set, a 
covering fif pen graved in put on and rolhsl in with a lawn roller. 

When tlie surface in grtatved tlie grooves should be approximately 
‘fn in. dci»p iiitd Vi wide, with the edges m'atly rounded to pre¬ 
vent e!iip|tliig or spalling. The blocks should be about 5x10 in., 
wifti tlie lOdm dimension perpendicular to the axis of the street. 
At street intersections for a pavemmit with a grooved surface the 
area between the crt»*4sings should lie marked into blocks about 5 in. 
‘ 4 f|iiiire by grooves im meitioned above, but in this case making an 
angle of 45 degrees mdtb the axis of the street. 

Before flnnl lifir<!ening tlie wearing surface should receive treat¬ 
ment witli Hiifl liroonw to eliminate what may otherwise be objec- 
liiiiialile sifiootliness. After troweling, an ordinary street broom is 
tiMiially drawn over the surface lightly from curb to curb to roughen 
it sliglitly. 

Oe« Oonrst Oonitraction.—Tlu^ concrete should be mixed in pro- 
IMirtifUis of iibotit iui«* stick of Portland cement to two (2) cubic 
Ilf or screenings, and four (4) euliie feed, of coarse aggrc‘gate. 
It htt« beittt fairly well estaldished that the leaner mixtures—1 ;3:6, 
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L:3:5—are not satisfactory in one course concrete pavement work, 
riie present practice (November, 1912) of the Illinois Highway 
I!ommission is a mixture of 1:2 

Each batch of concrete as deposited in the pavement should be 
’arefully watched by the inspector, that the mortar does not flow to 
die edge of the pile and leave a core of aggregate unsupplied with 
mfficient mortar. At least one workman should be assigned to shovel 
ill such cores of aggregate to the bottom of the concrete layer, so 
IS to insure only cement rich in mortar at the surface. If this is 
lot done, depressions are very apt to develop in the surface under 
l;raffie, which is likely to loosen the clusters of pebbles of the aggre¬ 
gate, which do not have sufficient mortar to hold them fairly in place. 
Ihe men finishing the surface should be warned not to let sucli 
places go by them without shoveling out the pebble clusters and 
[•eplacing them with a richer mixture. A finisher can easily cover 
such a place by working a film of mortar on the surface without 
lecessarily filling the voids below. 

The surface- of the pavement should not be finished smooth, but 
[eft slightly rough. This may be done by workmen using a wooden 
float, or it may be done after the work has been floated fairly smooth 
Dy slightly marking the surface with a broom. This latter method is 
perhaps better adapted to rock and sand concrete than gravel con- 
2 rete, as the latter •will leave many small pebbles in the surface and 
aot finish with so smooth a mortar surface as sand and rock concrete. 

Expansion Joints.—Concrete pavements have been constructed 
with expansion Joints down the center, across the street and at the 
Bui^bs; and in some cases no expansion joints have been used. The 
transverse expansion joints have varied in width from % in. to 1 in. 
and have been placed from 25 ft. to 100 ft. apart. The best practice 
at the present time seems to call for a %-in. to %-in. expansion 
joint along each side of the pavement at the curb or gutter, in the 
ease of streets, and %-in. transverse joints from 25 ft. to 50 ft. apart. 

In a paper presented at the recent American Road Congress, 
Mfr. A. N. Johnson, State Engineer, Illinois Highway Commission, 
recommends that expansion joints be placed at an angle of 60 degrees 
with the center line of the pavement, and that successive joints be 
not parallel, but swung first in one direction, and the succeeding joint 
60 degrees in the opposite direction, which will tend to reduce any 
cumulative vibrations. If an expansion joint is at right angles with 
the direction of the road, then both wheels of a vehicle strike it at the 
ame time and the irregularities become noticeable, whereas, if the 
joint is placed at an angle, as recommended by Mr. Johnson, the 
wheels on opposite sides of the vehicle will pass over the unevenness, 
if there is any, in succession and greatly reduce its effect. 

The wearing surface should be cut through at the expansion joints, 
care being taken to see that these joints extend through the entire 
thickness of the pavement proper. The sides should be vertical and 
the edges should be neatly rounded to prevent chipping and spalling. 

There are many prepared fillers for expansion joints on the 
market. The joints should be filled with a suitable elastic water- 
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proof' lillto* tiuU will not berotne soft and run out in hot weather, 
or hard and brittle and (diip out in eold weather. A g’ood tiller 
ean lu^ made of asphaltum mixed with eoal tar and creosote in tht‘ 
proportions of 100 lbs. of asphalliun, 4 i»als, (4* tar and 1 i^’al. of 
crc‘osott^ Tliese in.urtHlicmts slundd be boiled lojii'ether from one to 
two hours in a suitabh' boiler and poured into the joints while hot. 
Coal tar alone may be ustal and is frecjuently us(‘d for this purpose. 

Slieets of cork, tar and sawdust, tar and cork dust, as well as 
strips of tarred paper heavily coated with cork, have all been used 
with HUc<*eHh. 

In ordtu* to protect the edges of expansion joints, they may be 
fae(Hl with stet»l plates, which are manufactured for this purpose and 
are cut t<» fit the crown of the pavement. 

Protection.— W compIet<Hl the pavement should be covered with 
a hi.vuu* uf sand or straw, and this covering should bo kept wmt for 
at least a week, after which it may bc‘ taken olT, but the street 
surface^ should be c'xposc»d for about three days longer Ix'fore bcung 
thrown opem to Irallie. Frecfuently no covering is put on, and some- 
tiim*H a eovcu'ing of burlap is used. Kacli mctliod has its advocates 
and (^a<'li has bt*en uscal with Buccess. The author pred’ers a layer of 
samU k(*pt well sprinkhnl for at least five days. (Bee page 335.) 

rnebn* the most favc»ral)h' eomlitions for hardening, in hot weather 
the pavement shoidd be protected from traOic for at least seven 
days, and in freezing w<*ather several weeks. 

The stretd surface should be wet every day and, if possible, kept 
fairly wed for two tjr three weeks after lieing thrown open to trallic. 
This recfuires that there he an ample water supply at hand, and is one 
fcuiture of concrete construction that in sotne localities at certain 
times cjf the year may prove somewhat awkward. 

Contractors should have canvas or other material suflicient t<^ 
eovc‘r about (me-lialf day% work from rain, or, in extremely hot 
W(‘iither, from the sun. 

All lalau’ers tmmf be kept off the concrete after it is once In plaee. 
Although the toot prints can be worked out, dirt from shoes is likely 
to spoil tlie proper bond ladwecm the matmdals. By the iisc^ of a 
bridge all iu*chI of traekiwg on the concretts is avoided. 
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INSPECTION OF CONCRETE PRODUCTS 

Concrete products or east concrete work include ornamental 
shapes, hollow building blocks, lintels, beams, columns, fence posts, 
railroad ties, sewer pipe, etc., etc. The ornamental shapes, blocks, 
fence posts, etc., are produced by pouring, tamping or compressing 
concrete into molds and permitting it to harden to the molded shape. 

Inspection.—The easting or molding of concrete products is gener¬ 
ally done in regular factories especially designed and equipped for 
the purpose. In such cases the inspection relates to the finished 
product alone. Sometimes, however, the casting or molding is done 
on the work; the inspection in such cases relates to methods of 
manufacture as well as to the finished product. 

The methods of molding and curing are so many that only 
general directions or instructions for inspection can be given; for 
special variations in process, the inspector must devise, in addition, 
rules to fit the particular characteristics of the work in hand. A 
careful study must be made, for reasons that will suggest them¬ 
selves, of the surrounding conditions and limitations, and these 
general instructions modified in accordance. 

Art. 54. Ornamental Concrete 

Mr. A. A. Houghton’s book on Molding and Curing Ornamental 
Concrete” has been consulted quite freely in the preparation of this 
article, especially the last three sections, on molding imitation marble, 
granite concrete, and concrete to imitate tool-dressed stone. 

The construction of ornamental work should preferably be left 
to those who make a specialty of such work, especially the more 
intricate ornamental work, being perfectly practicable in most con¬ 
crete structures having ornament. There is, however, a large amount 
of simple paneling and molding which the general contractor not 
only can do but must do. It is essential, therefore, that the inspector 
or the contractor should have a knowledge of the best methods of 
doing such work, and also a general knowledge of the special methods 
of molding intricate ornaments. 

Ornaments Molded in Place.—^Molding ornaments in place should 
generally be confined to cornices, belt courses, copings, plain panels, 
etc. Such work as medallions, scrolls, rosettes, keystones, etc,, may 
be molded in place if desired, by placing plaster molds in the wooden 
forms at the proper points. This method is often used for keystones 
in bridge work. 
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Separately Molded Ornaments.--! railings can be and usually 
art* niatle up id* separately nioldcnl posts, balusters, bases and rail. 
Ornamental eolumns in building work, brackets, cornices, corner¬ 
stones, dentils, linials, llower boxes, keystones, lintels, medallions, 
iiudtlings, panels, rosettes, spandrels, statuary, windowsills, etc., can 
he similarly molded and placed in the structure as the monolithic 
work naiehes the proper point. 

Methods of Manufacture.— The methods of making concrete orna- 
mc»iits and producing t)rnam(*ntal elTeets in concrete can be divided 
into (wo gc»m‘ral classc*s: (1) ^lodvling^ whieh includes all concrete 
work built without molds, usually onto wire-mcsh frames and 
iimchded into shape* })y hand or by scraping with templets of wood 
or metal; (2) vantbuj or maiding, which includes all concrete work 
tniide in forms or molds. 

Only the second class will he considered here. 

0EKEEAL KEQUIBEMENTS 

All flic pn'cauthms to la* ohst‘rved in or<linnry conerete work are 
especially important in ornamental work. Modify all blocks or orna- 
mmits wliicli you are unable to cast satisfactorily. Check all forms 
jiHt bet on* mohling and ke(*p a record of the blocks cast and sec that 
tlsey art* bt'ing cast in tin* onler rc(|iurcd on the work. Paint the date 
of ciwting on each block and keep careful record of them. 

Discoloration,— All ornamental work should have a uniform color 
iiml shoultl be made of sueh cernenlB that there will be no elllorescence 
(see Art. 21). In this connection, see also Art. 39. 

EoinforcMnent.—AVhen pinnacles, base coiu’ses, balusters, railings, 
postSi eic.t Hbnll be liable to crack, due to shrinkage stresses and 
other cauHeSt tlie same slmuld be properly reinforced to prevent such 
criick«. Kvery part of the ornanumt shoidd have ample strength to 
HitpiKiri its own weight, no matter imw slender or how far it projects 
heytind tin* face of the dc^slgn. Insfrcctors should r(‘p(>rt all blocks 
which in tindr judgment need additional reinforcement. 

Molding Windowsills.— Windowsills with slightly sloping top sur¬ 
faces shcmld md be molded in place unless abscdiitely unavoidalrle. 
Kvt*n with cotiHitlerable pressure heads results are nev(*r certain. 
The top surface is apt to be filled with air and water bubbh*. holes, 
impurities in the snml and cement, etc. If molded in place, the 
surfiicii must he ciirefully troweled like a sidewalk (see page 484). 
If ciist separately, to he inserted like a atone sill, it should be east 
or molded upside tlown. 

Pro'iiiion for Handling Molded Blocks.— When easting large 
blocks of concn‘te which are to be set as blocks of stone, suitable 
provision sluaihl be madc^ for liandling by mohling dog and clevis 
or Ifiwiii holes in the block, ins(‘rting pins or (‘.ye-bolts, etc., so that 
they ciin ho lifted witli the derrick. Tlu'se holes or fastenings should 
he on the top ‘M»ed/^ Iming liberal in size and not located too near 
corners or faces, else tin* strain of lifting will shell off the concrete. 
la»wi« holes must he so ma»lc as not to bring excessive pressure on 
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the concrete, particularly near (he mortar facin.ir or nvnv iho arrist^s 
of the block. Care should be taken not to handle lar^xe hhieks with 
lewises or do^^s when they are f»Teen. 'Wood blocks and ra*r ciisliiniis 
should be provided in turnin<>: over the blocdcs; otlierwLse the arrises 
will be broken. 

Recesses in Molded Blocks.— The backs of all lilocks shoubl have 
recess places in the back, covering practically om'-ftnirtli ot tin' aien 
in the back for the purpose of bonding* with the etmcrete mass. These 
recesses may be best obtained by placing wocakni hliH'ks, Huy^ 4x4 in.» 
6x6“in. or 8x8-in., in the concrete when first deposited am! renjo\ing 
same before final set, the blocks being cast witli the uuwt important 
face down. Beveling the edges of these blocks of wood will facilitate 
their removal. 

Accuracy of Shape and Dimensions.— The bltwk sliould be true to 
shape and exact in dimensions, all corners and edges hiding wliarp and 
well defined, with true horizontal or vertical lines. No hh»ck nhoubl 
be accepted that is chipped or marred in any way, Imt Hliouhl he 
equal in perfection to cut stone in all particulars of shapt* and 
dimensions. A piece of galvanized iron bent in the shape of’ a 
written small should be used where the corners or ctlircH uro 
likely to be stuck. Moldings and other ornamentH should be perfect 
in every detail. 

MATERIALS FOB OBKAMBNTAL OONORBTB 

Every possible precaution sliould be used in the select i«in of 
materials which go into ornamental eonciete. While tlie select inn is 
ordinarily governed by the materials obtainable in the lociility, cure 
ful consideration m st be given to the desired (jualitica in the 
finished ornament. 

Oement.~The eemenc tor ornamantid work niiiHf lai strong mid 
absolutely sound, otherwise sharp edges will crumble if the cmiimit 
is I’ot sound. It should meet the rc*(|uiremcnt» stated in Art. 4 for 
Portland cement, page 43. Cement of the same color only shonlil be 
used, to prevent streaking. 

Where an especially light color m desired, a light coltiriitl cetinnit 
should be used. White Portland cement is eminiintly fitted for liigli- 
elass ornamental work. Ijafarge cement, a tight-colored, ttoii» 
staining cement made in Prance, is often used for oriiiimiintfil pur¬ 
poses. See Art. 42, page 391. White cements are now iixtettiivuly 
manufactured in this eoimtiy. 

A light-colored ornament can, however, be iociirod with iiiiy 
cement by using white sand, marble or other wliite stone wTceniiigs 
as mentioned on page 391. This method of iecuring ii liglit-co!t»rt»fl 
ornament is preferred hy many, being cheaper and nsiiiilly «tif»f*rior 
to the use of white cement. A white or nearly wititii ceraimt %vil1 
give the better results where a nearly pure whit© unrfiiee m deiiired. 

Sand. —The sand must be clean and free from loam, «ir the oriiit- 
ment will have a dirty color, and If any color work Is to be iittemplwl, 
either with pigments or colored stones as mentioniid Imlow, cleaimtis 
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,1 is al.M.liit.-lv n,.H.s.snrv. It slu)„ld conionu iu respects to the 
.meiUs slnlcl lu Art. S. Sait,I of the same color ouly shouhl 
cl to pifvcMit sticakiiio, uiilc’ss it is desired to .sijivo a virriecl 
I'uciUK' slotic (hist or uril aiul racing- sand should all hnvo 
r material remm.-d by sereenino.; la.i,,. jg gj^^ll eiiouji-h 

■oe blocks and Inrye details; use :;:s-in. mesh for fine work. Be 
1 , 111 iinsMier iiooii the stone dust, that it does not eontiiin a 
)ere(*iitie4:e td lolleti rock. All mud halls must be vemovotl foe 
weirk. 

©ct«d Agfrigttis.—The must be carefully seIeci(*<U 

cr t« prciilurt* the dcHirtnl as ordinary concrete is dull 

piiottmuiw. IliiH may hi» done Ijy usin^ for sand and 
iimm fnmi«»r i!u» reciuinMl color, either marble dust and 
miu’tde elit|»!4 tfi iiroduee a while efTeet, or seleeted rod, brown 
^ for color eflWtH (see pai^m 390). This is in all respects 

metluHl uf wamrimr cedored orimments, as the color will not 
jid the eoiicrefe in iu»t wtnikened. dhie color and sparkler of 
mcH itiiHt be broui^fit tnit l)y surface treatment as explained in 

.orinf Mattir* A i 4 'reai vnrud.y of ])ipnenta are made for 
lit eoiicrelc. Those etdors all fade in time, and witli f’env 
toiw tliey itll weiikim the concrete, For methods of iisinic 

it; liiiitfer, i^ee papt :i94. 

FEOPOETXONIN0 ANB MIXING OONOBETE 

i» ii?4ed in ornamental work will dejumd upon thc^ 

of the oriiiiiiietit aiid up«m whetheu’ color is or is not rcnpiircd, 
‘rtar Finiih, lleticrnlly a ritdi mixture of cement and sand 
* Hlotie i4ereetiiii«i^ lit uhcuI for the surface and backed with an 
ry roiicrefe mixttire (mm Art, 41, pa^e 385). A surfaeo niix- 
>f fine iiifitrriiil will be retiuired wliero clear, sharp linen aiul 
or eortierf4 lire ileiiiaiitkitL 

ttiistiftOf of Mixtor®.—Thci cliief requisite to insure biiccchh 
lixltire Ifiitl will |irnelrate and till all the lines o£ the mohl, an 
H pniiliice till even texture or i;rain to the cast. For methodn 

ciim colic ride, Arl. I ft. 

MOLDS mm FOE OENAMENTAL CONOEETE 

4«l« for c<»itrrete iiewels, finials, rails, balusters, spindles, halls, 
iiitil hmm fur pierfi, etc., should be so constructed an to 
illy opri'iittHl wllfi |ii»rfect rcHullB without the use of umiHunl 
fliey lie nn coiwtrucled as to be removable piece hy 

williiiitt iitjiirtiiit the riistini?, and should follow out the ahno- 
iirfertiifn of iireliiteeturtil lines and artistic appearance. Molds 
1 iiiive utreiiiitli iiml rigidity to withstand tampini*; and 

mntiioiil iliMlrirtlom 

I be inolilfal in forms which are level—tliat i«, 

rmt Itll a level iiliitftiriii -and gn*at care should be taken hy the. 

*li«# 1 1,it firii Mfitf find do not bulsrc or diHlort. 
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under the concrete. If this is not done, the contractor will find it 
necessary to do a great amount of cutting, which in many eases will 
result in going through the mortar facing in order to get the block 
out of wind. 

The molds used for ornamental concrete may be made of wood, 
iron, sheet metal, sand, plaster of Paris, glue, etc. 

Dividing the Molds. —The molds must be properly divided so that 
they will draw along the line of the least resistance or friction. At 
no point must any section bind or cling to a projecting part of the 
east, otherwise a broken cast may result. The sections should part 
from the concrete surface without the least friction or adhesion, 
and must be planned so that this is assured, relying upon supporting 
forms to retain the various sections in the proper position when the 
mold is assembled. All molds made in sections should be carefully 
fitted and should be equipped with locking and squaring devices 
which will accurately bring all sections into perfect alignment. 

Wooden Molds. —^Wooden molds are considered the best for general 
work where plain shapes and not too delicate ornaments are wanted. 
The use of the various stock moldings permits a great variety of 
designs to be made up in wooden molds, being so joined as to draw 
easily from the concrete cast. The joints of a wood mold must be 
accurate and properly held with a clamp or any other method that 
will hold same rigidly yet permit the sections to be taken from the 
east without shock or vibration, as would be the case if they were 
nailed. 

Wooden molds give the best results with a dry and rather coarse¬ 
grained surface mixture. If a wet mixture is used, such water as 
■flushes to the surface cannot escape, and small pits and holes are 
formed, which necessitates grout or other finishing. 

The construction of forms for ornamental work in place must be 
carefully watched so that the forms can be removed without frac¬ 
turing the ornament. Proper provision for the swelling of the forms 
is another point to be watched (see page 209). 

Iron Molds. —The same disadvantage in the use of wet mixtures 
applies to iron molds as to wooden ones, stated above. Iron molds, 
however, can be made to mold more intricate ornaments and are 
far superior to wood for durability. They can be ordered east to 
pattern in almost any foundry. 

Sheet Metal Molds. —Stamped sheet metal has been used to some 
extent as a molding material, Being cut and applied to the face of 
the mold. The sheet metal forms a mold on the back or reverse, 
which is stamped deep enough to hold the concrete perfectly, thus 
reproducing some excellent designs in ornamental concrete work by 
this method. See also Art. 17, page 203. 

Sand Molds. —The sand mold process has produced the most 
satisfactory ornamental concrete work of any process so far em¬ 
ployed, the surface, texture and detail of the ornament being espe¬ 
cially fine. An advantage of this system of molding is that the 
work so east does not as a general rule craze or develop checks, 
cracks, or map-crazing—an advantage of some importance in molding 
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nnu'iitnl e<»tu‘nito wt^rk that must (Ic'jh^iuI larij^ely upon surface 
sh fiU' its iippcarancH*. Haiui is^ however, a more expen- 

' prewesH tium ua»I(lini^ in wootlen or iron niohls, on aceoinil of a 
arate Ihhuj^^ re<{uir(*(l for eaeli ormiment molded. 

iMohliuy eouerete (umamenls in sand is in all respexds like moldinf^; 
iinus in a foumir>% n*cjuirin|»’ merely a wooden pattcum atul iron- 
dm-H* sand. A liij^li de|i:nH‘ of skill is not essential to perfect 
di. Tlii^ wet Kiuul is tamped into a retainini^ form around the 
t<*ru, leaviuK imprint of a portion of the pattern in each part 
the sand nad«I; these are assemhled and the work cast in the 
nl manner employed for ornanumtal concrete as described below. 

‘ wet Hiind forms a eoatin^ or blanket around the cast, retardinii: 
tlryinif-'-otil process ami thus incrmisini^ the strength of tlm con- 
le, witliont attenticjri dnrim? the curinp: process. 

Piaster Molds,-- Plaster nudds are made from clay, irelatin or 
er patteriiH in a manner similar to tlint adt»ptad by seulptors. 

* usual tfradt* of plaster employed is plaster of Paris, either in the 
III stale or mixed with iiwy ingredient that will retard the set or 
dialing of siyiie. Wood flbim plantc‘r or wall plastm* is sometimes 
d IIS a miitmdiil for molds ami gives good results. Plaster molds 

partieulitrly adapted to fine-line and nmler-cnt ornaments. 

The pliteing of the plaster digiends upon the shape of the pattern. 
Hter molds must l«ive a waterproof coating, owing to their porosity. 
H coating may be shellac, glue or <nl paint, the mold being oiled 
ii time before making the cast. 

The concrete in poured into the plaster mold, and after the 
lent lifw liecurm* liard the plaster is broken or cdiiselad away, 

atig the cast etimsed. 

Glut Moldi.-- Cline moldn have been extensively UHc*d in the flru^r 
‘S of oriiiiiiieiital coneride work, its elasticity permitting removal 
ffi %vork lifiviitg ft cormhleriihle imderciit. While glue nudds pro- 
e excellent work* thev are not durable and require considerable 
r to iiiiike ill onler to have pimfecd. 

Til© iimdtd ii first plitctid npon the molding bed or board and well 
tl, a coiifiiig of modeling clay lieing then placed over same (o the 
*kiiesi4 di*Hired for the glue mold. Over the eday coating is built a 
^ter ^Itidl, ivliicli is rertioved us Kocin a« it has liardemai, and the 
ltditii? rliiy taken from the moihd or pattern. Melted glue is now 
red iiitii the lipitee left between the plaster shell ami the model, 
idit^fer filiell being piercetl at the highest point for insimting a 
lie! for faniritig the glue, iiml at several oilier places, to permit 
friirii tile hot glue to escape, 

C*jire ^liotild be taken to have the model or pattern well oiled 
ore putt ring the glue, iiml also to liave the plaster shcdl properly 
red mid seciindy fastened at the edges so that it cannot slip, 

• fiitdfed glue plioiild b«f poured slowly into the opening at the top 
the plii^ler ulieil, lints allowing giving tlie glue a clinnce to run 

port Ion of tli«» mold, also keeping the vent holes open w’lth 
time of wire. After the f/Jiie has been allowed to cool or liarden, 
plimter sliell itiiil glue mob! can he rmnoved from the model. The 


510 


INSPECTION OF CONCBETE PBODUCTS 


glue mold is now cut into -sections, if this is necessary. Usually the 
glue mold will draw from the concrete east without many sectional 
joints. 

The glue mold should have an oil coating before each east is made 
in same. 

A well-molded glue negative may be used about fifteen times. 

COATING THE MOLDS TO PEEVENT STICKING 

The coating of the molds for ornamental concrete must insure 
their parting from the east without adhering in the least, otherwise 
small particles will be broken or scale from the surface, requiring 
much labor to repair. This coating must be of some material that 
will form a non-adhesive film over the face of the mold, thus 
insuring clean partings between mold and east. 

Use of Shellac and Oil.—^Plastic molds, such as plaster, plaster 
compositions, etc., may be coated with shellac, to give them a smooth 
and moisture-proof surface, after which they should be coated with 
oil having a thick body. Crude petroleum and also heavy machine 
oil may be used for this purpose. The choice of other non-adhesive 
films has run from vaseline to hog^s lard. An oil coating, if without 
mineral coloring matter, does not injure the surface of the woi^k, 
and is absorbed into the pores of the east in drying or hardening. 
This oil coating may be removed from the surface when the cast is 
subjected, to any of the surface treatments described in Art. 43. 

Use of Shellac and Parafiine. —^Where the mold is made up of 
small sections a better method than the one described above is to coat 
the surface of each plaster section with shellac, and when this is dry 
each section is quickly dropped into melted paraffine wax (see 
page 442). The film of paraffine thus formed over each section of 
the mold is absolutely non-absorbent, making it positive that the 
concrete cannot stick to the mold. Paraffine should be applied 
after each easting, in order to insure that the sections of the mold 
will draw perfectly. 

Use of Oil with Wooden Molds. —^Wooden molds demand a treat¬ 
ment that will fill the pores with a moisture-proof compound, so 
that the - wood will not absorb the moisture from the concrete and 
thus cause the concrete to adhere to same. Usually an oil is the best 
for this purpose (see Art. 18, page 241). A compound of linseed oil 
and petroleum, mixed one-third petroleum to the volume of oil, may 
be painted over the surface of the wood and allowed to penetrate 
until the wood takes up all of the compound that it will. Undiluted 
linseed oil, oil paint, and various compounds of a similar nature 
may be employed for this purpose. 

The molds must be thoroughly dry before applying the oil coating, 
otherwise the wood will not absorb enough oil to do any good. Three 
or four coatings are usually necessary, depending upon the kind of 
wood and also the condition of same at the’ time of treatment. Molds 
should be thoroughly coated with oil after each easting. 

^ Use of Enamel. —^Molds may be coated with a bath-tub enamel or 
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any f‘nsunv*l rnatin.ir tlm( is proof apiinst moisture. The enamel 
should he laid with a soft brush and not allowed to run, oilu'rwise 
it will pot products a smooth tuul even surface coating. The smooth 
and ylossy surfaet* piaulueed on the east is similar to that produecnl 
by mohiin^ ov(‘r shetds of ^’lass as a molding surface. JMetal molds 
may be pnntaited from sticking by baking the enamel on so as to 
produce a durable coating. 

Use of Powdered Chalk.—Molds may be coated with powdered 
chalk, mixed to the consisttuicy of thick cream and applii'd with a 
brush. This c(aiting will la* found very ustd’ul for nudal molds or 
upon any surface that is smooth. The chalk is not injurious to the 
concnde ami can be easily rertioved by washing the cast with water. 
A citfilk caiating tends to lighten the surface of the concrete, but is 
not permanetd. 

Ui© of Pine Band.-* Wliere tin' face of the work is down, the 
mofil may be prmamted from sticking l)y sifting onto the face plate 
or bolftim of mold a dry mixtnre cd’ fine sand and cement to a depth 
of about an eighth of an inch. The wet mortar or concrete is 
placctl upon the top of this dry mixture and tamped or puddled, the 
dry material faking up tlie surplus moisture upon the face of the 
cant. Tlie work will md stick lUiy more than damp sand would 
adhere to tlie mold, ami the dry material bonds with the wet mortar 
or conerete placet! upon same, and thus becomes a pari of the cast. 

The mollis may also be oileil with gloss oil and tine sand then 
tlirfHvti le/ahist the oiled surfac^^ with a bellows. 

Ui® of Soap.— dieap soap ladled and applied hot to woodtm molds 
gives Vfu*y goo<! results in preventing tlie adliesion of conerete to 
mollis. In this connect am, see Art. 18, page 242. 

Um of Fapor.* The use of paper needs constant attention in 
order to seeure satisfactory rcHults, Unless the paper is very oily 
if will fidliere to the eoncrete, necessitating that it lie burmal off so 
iw to efTeef its rmnoval, as a thorough soaking very seldom removes 
the paper entirely. The practice of using wet newspapers is not to 
III* coiiitiiended, as it is almost impossible to keep thc» paptw abso¬ 
lutely itmiMifli w flint the final surface does not show wrinkles, thus 
milking ii serioiw defeet in the east. (Sea page 243.) 

YLAOma XHB OOHOKEXE 

The success f»r failure of the east depends largely upon the 
itiiintier of plaeing the eoncrete into the mold, for if the work is care- 
plficeib iiir bubbles or lioles will result, (hire must be taken 
to pre» all the lini^ and imlentationH of the mold full of the mix¬ 
ture and lit file same time force the entrapped air to the surface so 
tliiit the pliict' it occupied may be taken by the conende. 

C*itPt all blocks with most impmlimt face down. All other sliowing 
fares Klintild be cast verticiil, or as near vertical as practicabb*. The 
buck of the lilcmk— that is, that fiortion of (he* block which will not 
show In the 4 riicttire— should always be nmlded up, becauHe tlie 
liiiiiiiiee or slime alwiiys rises to the surface, giving it not only a bad 
color, but II weak surface, and one which is certain to hair-crack. 
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Puddling,— The density of the mass mast bc‘ secnirtal hy pmldHnff 
(see Art. 25, page 20())/because pressure is not possilile wHli any 
mold as easily broken as a plaster, glue or woocbni mold. This is 
done by stirring the concrete with a paddle or sfitdc Ituig eiunigh so 
that it will reach to the bottom of mold, and snudl enough to enter 
the gate or opening for pouring in the concrete. There should hi* 
several diffenmt sizes and lengths of paddles or sticks made, ho that 
the best one for the ])urpose is already ready. The padtlh' or sliek 
should be worked or forced into all the minute lines of the mo!<I, 
and at the same time bringing the surplus water and the air eontliied 
by the concrete to the surface. 

Care must be taken not to have too wet a mixture, for a surpltw 
in excess of what the concrete will hold will lie pressed to the sur¬ 
face between the concrete and mold and there form mieiite 
boles when the water has evaporated upon the ctmerete drying out. 
The concrete should be poured in small portiotw, say, fianii one« 
fourth to one-eighth of the mold at a time, thus permitting the 
concrete to be well puddled and at the same time giving om* an t»ppi»r- 
timity to judge the condition of the concrete, i. e., wlietliiir foti wet 
or too dry. Any excess of water that rises to the surface limy be 
removed by using a swab wliich acts as a mop, taking itp the siirpliw 
moisture from the concrete at any point in tti® mold. Tlie faniring 
should be close enough together so that the concrete will Imntl 
feetly without showing layers or laminations; usually from three ti» 
five minutes apart is ample time to thorouglily puddle the eoticrete 
between pourings. 

Precautions.— -Care must be taken that the concrete m nilted in 
exactly the same proportions, preferably liy weight (nee page 1501. 
for each hatch poured; also that no dirt or foreign material fitlk itifo 
the mold between pourings; otherwise the work will liii in liiyer^ of 
varying degrees of color. 

Do not cast blocks in freezing weather (particularly 
without taking extraordinary precautions to prirtcct the concrefe friun 
the cold. (See Art. 33, page 349.) 

BEMOVma THB MOIJDS 

Considerable judgment must ha eierciHCHl a« to the l>e«t time to 
remove the molds, so that the concrete is the nwwt stwccptilite to 
siu’face treatment, when the molds are removed. Ihuler iwtinl 
ditions the concrete is at the best when 24 hotir* old find twtiiillv 
when the work has remained in the mohk over 311 hour«, It m not ii« 
easily treated to obtain a perfect surface finiili niid color (^ee 
Art. 43). 

Time of Bemoving Molds.—The time that mtiil elapie after the 
concrete is poured and the molds are removed miiHt viiiy with tliii 
size of the cast, the mixture, and also the ntmosplieric coiitlliioiw 
at the time of molding (see Art. 19, page 245). 

A cast of large body will contain more weight, and If tliin U 
supported on a slender pedestal the concrete must at lain iiifire 
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hofun* thc^ molds vnn Ih‘ romovod than if the wein'ht is 
slight and aimjdv suppoiitMl. lMu‘ molds should never be inunoved 
tmtil tin* east has std au<l harthmed to such strength that it will 
siispiiu its own dead weight. 

When mixe<l wet, eouerett* stds and attains its strength more 
slowly than whtui mixed with V(U’y little wat(‘r. In other words, wet 
eonereti‘H reepure long(U’ to harden than dry e.oneretes. 

The eotulilion of the atmosphere will also affect the work, as the 
work will hanien faster upon a hot, dry day than upon days when 
the air is iieavily laden with moisture. 

Care in Eemoving Molds.— In rtutioving molds, care must be 
taken that the see!ions part from the east under gentle pressure. 
Any jar or vihrntiem nee<*sHary to the removal of the mold may 
prtalnet' a serious defeet l)y sealing off of a proj(‘etion on the east. 

Oldaning Molds. The molds should b(' thoroughly washed out on 
till* molding surface, wlum nunovtal, so that they will be in r(‘adi- 
ness ftir the next east. If atiy portion of the concr(d(‘ should adhere 
to tile nioldn it ean n«»w be* rt*movc‘d easily, \vh(*re in a Pew hours 
it would lie alnuwt itnpossihle to remove same without injuring the 
mold (see Art. 1H, page 2117). 

BEPAIKING DEPEOTS m THE CAST 

All cast work, as socm as c'xtraeted from the molds, should be 
examined for tiefects, air lnd)bIeH, etc., aud any blubs Htopi)ed and 
eliippeil parts ttr cdlier minor defects made good while the work is 
moist fir green, usimg a Hinall trowel and mortar mixed in the exact 
pro|su1imm its employt*d for the main Itody of east. The repairing 
of fletVcts reifiilreH skill it» Ht*eure a plastic mortar that will match 
the surface texture and color of the east (see Art. 30). 

When* the wtirk can la* laid down so that the defect is xxppermost 
the liole can lie filled witli the mortar, or neat cement and colors in 
tliii siinie prti|s»rlioii as used for the surface stuff, and allowed to 
liurileti before rettioviiig the cast, 

Boadiftg Mortar to Cast.—Tlie new mortar may bo bonded to the 
eiist by using a stiff hrmtie lirush of small ske, wetting in water 
and tliorouglily brushing the spot to be repaired, so as to remove 
the thill film tif cement that eovi*rs the aggregate. If this has not 
pernifineiitly liardeniHl, tlie simple brushing with water will usually 
exfitHf! the of jtggn*giite, to which the new mortar will 

ejii>iily liouiL For other metlmds of exposing the aggregate, for 
the purpose of licinditig, see Art. 27, 

€olor«d Work.—C’olorcHl surfaces may be improved by brusliiug 
tlie cast a« soon m wed with a solution of the sanu* color as us(*d for 
the surfiieii eoiit. Bee also Art, 44, fiage 408. 

SHBFAOB TEBATMBNT OF OOKOEETE 

The surface freiitment should la* given attention as soon as pos¬ 
sible lifter the iiifibla have been removed, for the concrete will harden 
riipitlly in a few hotir» after tlie molds are drawn. 
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There are several advantages to be gained in treating the surface 
of the concrete after molding, first, the danger of crazing or map 
cracking is reduced to the minimum; second, the work has a more 
uniform color and surface finish; third, any little imperfections in 
the molding may be covered up or removed. 

The surface treatment demands patience and care to insure that a 
smooth, even texture and color will result. 

Scrubbed or Brushed Finish. —Aggregates composed of marble, 
crushed granite or various colors of silica sand, may be exposed by 
scrubbing with a stiff bristle or scrubbing-brush and water, which 
removes the thin film of cement that covers the particles. This 
scrubbing should be done within 12 to 24 hours after molding. If 
the molds have remained upon the work for several hours too long, 
or if the surface has hardened too much for the bristle brush to 
take effect, a wire brush may be substituted, keeping the surface 
thoroughly flushed with water, so that all particles will be washed 
away as fast as removed. In this connection, see Art. 43, page 397. 

Eubbed Finish. —The surface of the concrete may also be allowed 
to permanently harden or cure and then be brought to a uniform color 
by rubbing with sand-paper or emery-paper. This process is usually 
limited to small ornaments, as the work is very tedious. 

A carborundum stone, cement block, brick, etc., may be substituted 
for the sand-paper or emery-paper mentioned above. The surface 
of the hardened concrete should be thoroughly wet and then rubbed 
with the carborundum stone, etc., until a lather is produced. The 
surface should then be flushed with water and dusted with dry sand 
and cement, mixed in equal proportions. This should again be 
rubbed with the coarse stone and the surface cleaned with a brush 
wet in water. The final finish may be secured by rubbing with a 
fine grained brick or carborundum stone. This fills the pores of the 
concrete and makes it smooth and lighter in color, as well as moisture 
proof. In this connection, see Art. 43, page 400. 

Where the surface may be exposed within 10 to 16 hours after 
molding the work can be rubbed with burlap, to produce a rough 
grained finish that will answer to many purposes. 

Acid Wash Finish. —Applying dilute muriatic acid (commercial) 
to the surface consists of another type of the scrubbing or brushing 
process described above, the acid removing the film of cement coating 
over the aggregate and exposing same to view. For a cast which is 
about two weeks old, ordinary commercial acid may be diluted with 
three parts of water. When but a few days old a dilution of one 
part acid to five or six parts of water should be used. The amount 
of dilution should be determined by experiment as it varies with 
the age of the concrete. The solution should be flushed with water 
to remove all traces of the acid, after being brushed upon the surface. 
See also Art. 43, page 401. 

The soaking of concrete surfaces in acid will not only result in 
a great saving of acid, but will produce a class of work that cannot 
be obtained with the scrubbing brush. A very weak solution is 
required (depending upon the age of the concrete), and after the 
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artich^ is put in the tank, tlu‘ solution doos (ho rest. This treat- 
luout prosonos tii(‘ tutos and details ot the desi^^ii and makes the 
Mniaoe uuilonn. Any oi’ the hard spots not siidieieiitly alleeted by 
the arid van he treattnl separately atter the article lias been Hushed 
uilh eleur uatm*. 

(’are must he tulum that a^^.^Topites of the surface are of nearly 
unironii hardness, or the acid will eat the soft portions out belore 
tlie hnrdi*r particles have betm eleans(‘d of (he cement coating. Very 
tine work 1ms lumu spoiled in the attempt to obtain certain ettects 
where black marble (a limestone) Nvas mixed with crushed granite. 
The acid bath in such cases left only the spaces where the black 
marble hacl been, while the granite showed a very line texture and 
natural eolor. 

Tooling and Sand Blasting.— Tluj treatment of the surface by 
tooliiig or by sand blasting is not as successrnl for ornamental con- 
erefe as fur work with a large (‘xt)anse of surface (scm Art. 43, ])ages 
d03 and lit A, t<u* tlu' fact that it cannot be accurately controlled 
eimuirh to p«*rmii working along minute limxs, as would be necessary 
in tlm iivcrage ornunumtal cast. 

(huHO'ide hIuiuUI not be dressed (tooled) until 30 days old, under 
normal c^tiudiHcmH, preferably not under (iO days. ()ne-<iuarter to 
‘Im-nn sliciuld be allowcal bcyoiul all neat lines for dressing. All 
arrisi's i^lioiild be cbiHcdtal, Bidtcu’ vvt>rk ean be gotten by using hand 
IiuiiimerH timn itiiiehtm* ami conciade details subject to close 

itiHpectioii b\ public should bc‘ bammertal by band. All arrises 
tb«»se of abutting joints should bo rounded to approximately 
a 'b^-in, riiifins. If lids is not done, tlie public will eventually knock 
olT tbi» tliie iirrlnt's. I’se metal ti‘mplatt‘H for cntling iini)orlant details. 

Ooatijug Surfaces. Tlu» work may also bc^ c.oat(‘d with any of 
till* conesele liiiihbt‘h d(*H<*rib(‘d in Art. 44. The xise of any conende 
coating t*r painidike substiuics*, over the cast, has a serious handicap 
in the fiiet fliiif It U'«*ttally docs lust prevent crazing, clu'cking or map 
crni'kinr In fuel, too thick a brush coat of any of the conci'cte 
finishes Slow on tlir market» or of cement and water, etc., will in¬ 
crease the lemlency (lie surfaci* to craze. ‘While a tinish may be 
us«ai after the work is tborouglily curt‘d, such as to cover the cracks 
or otbin* tiefecfH, yet if this Hiiould be removed by any cause, the 
nnsiiclilly delVel would la* iticreassal. 

A briisli coat may be nuub* by using one-third the weight of 
the ceiiimil in liydriUed lime, mixing (lie compound to the consistency 
of piibst, with wales*, and iipt»lying to the surface of ilu^ esist with 
a briwli. TIuh coat will s*endcr the concrete more waterproof tlum 
it was itrif^liially by tilling its port*H. 

A e<ilor wiliti son, niadi* by mixing the color with water and a solu¬ 
tion of Ilium, may be brushed over Use surface while it is moist or 
greiin. 

Coloring by Immersion. —The absorptive (puilities of concrete dur¬ 
ing its Hinge of curing and seasoning olTer opportunities for coloring 
ccniereto prtahicts by capillary action. Hy this method, the color is 
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.epodted into the pores of the surface, amalgamating with the eon- 
rete in a permanent unit. 

Coloring solution can be made to penetrate the surface of con- 
rete six inches or more, if the object is placed in the solution in a 
'ery green state. It is seldom necessary to penetrate more than 
./16 in. to 3/16 in. * this thoroughly tills all pores, gives the desired 
olor effects, and is less expensive. 

Aniline color and the sulphates of copper and iron are the most 
uitable to make solutions in which to color concrete products by 
lapillary method. 

The concrete to be colored can be treated after it is several days 
lid. Concrete products with strength requirement should not be 
ubjected to the coloring bath until the concrete has attained its 
•equired strength, as the filling of the pores in the concrete stops 
he action of its curing by the usual methods. 

Coloring by absorption is effective on surfaces of concrete after 
t comes out of the mold, or after being treated with acid (see page 
>14) or tools (page 515). Surfaces that have been colored by 
ibsorbing mineral or metallic colors (see page 391) become water- 
)roof, and the action of the weather on the metallic colors is the 
lame as on real metals, increasing the beauty of coloring by the 
isual oxidation noticed on bronze and copper. Surfaces of concrete 
reated by this method become so bard and dense that they will 
ake a uniform dull or high gloss polish (see page 514). Such sur- 
;aees may be treated in the same manner as marble, granite and 
netal, under polishing or buffing machines. 

Waterproof paints containing coloring matter are to be reeom- 
ended for dry or semi-dry process concrete work, as the porous 
lurface readily absorbs the waterproof liquid, and allows the pig- 
nent particles to fill the pores. While the color effect obtained in 
;his manner is the most economical, yet it is a flat color, and does 
ot give the richness and depth of shading that results from the 
mmersion treatment in an aniline or metallic bath. It has the 
idvantage, however, of being used in eases in which immersion is 
lot practicable. 

Excellent two- and three-color effects have been obtained by 
tainting certain parts of ornamental easts before subjecting them to 
;he coloring bath. The parts so colored are not usually affected by 
:he color in the bath. The artistic possibilities of such treatment 
ire limited only by the color sense and taste employed by the crafts- 
nan. By using certain non-absorptive aggregates (see page 390), 
:heir natural color can be obtained, while the absorptive parts will 
issume the desired color. In this treatment, precaution must be 
:aken not to use certain acids in washing before immersion in the 
3olor bath, as the chemical action of the acids is likely to counteract 
the color value of the bath. 

CXTRIN-G- THE WORK 

Upon the proper curing of the cast depends to a considerable 
Bxtent the success or failure of the ornamental work attempted. With 
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little or oo att(‘iition to tlu‘ (*urini»‘ of the produel, the most promising 
east will devtdop unsi.u'htly didVets, sueh as era/iii^*, cheeking’, dis- 
eoloratitais^ ete. ddu' iiihdli.ueiit rare usetl in eurin^ the east has 
almost as mueh to do with attaining its ultimate strength as the 
(|uantity of emnent used. 

As a gentu'al proposition, immersing ornamental eonereie work in 
water does not eure the work so satislaetorily ns does tlu^ sprinkling 
[»roeeHs, or the applieatum cd’ exhaust steam for forty-eight hours. 

Keeping the Oast Moist. -After the east is safely set it should be 
gently sprayed with vvattu* or kept mtustened with wet blankets, eare 
being taken not to liave the spray of such force as to disintegrate 
the face of tin* cast i»r mar the corners. After the work has had 
tinu' to hanlen, say from twelve to eighteen Imurs, the addition of 
wat<*r directly upon tlie surface has no etTect, provid(‘d it is gently 
sprayed. Even after tlarty-six hours from the molding, and the 
molds just remi)ved, the elTect (d’ a constant streak of water directed 
at one point has caused an injury to the surface. (See page d35.) 

Inst<*ad cd* spraying the watm* on the cast as just mentioned, the 
work may he surromided with a fratmavork <d^ lumber, just a few 
ineht‘s larger than tin* cast, and eov{‘red with wet l)lankcdH. These 
hiankets should ht' kept vvt‘t for the first lew days, usually from 
three tc» six days, digamding upon the condition of the atmosphere at 
the time, the six-day limit being used for hot, dry atmosplicu'ic. con- 
tliticms. If the air is damp, as wmuld !)a tlic' case in rainy wcadher, 
the hlimktds and form can he removed at tlu^ third day. Ean^ must 
he taken to kta'p these hiankets tlu»rouglily saturated wdth water. 

IlIfickH whicli liavc* slinrp corners or arrises or any sliarp pn^jc'c- 
thm« must he given sjaadiil care to kec'p theme proje'ctions moist and 
prevent tlieir elrying tot» rafddly. This precaution is td’ far-r’(»aching 
ittiportariee, and failure t<» provide the necessary amoutd. of moist 
will cause the corners to crumble at a tcmch, owing to the corncu’s 
drying out before the initial set is fully ecnnpleted, 

Stiam Caring.-.-Tlie curing cd^ orniuticntal concrc‘tc» by steam con¬ 

fined In II close room or under blaiikcds or tarpaulins piactnl over tins 
work hail Immi successfully cmph^yml by many pbuds. The usual 
manner cd* fdneing the steam is tltnnigli a pipe perforatetl with a 
number of small ludes, ami this placed so that the ctmerete will he 
enveloped in tlic steam jtds Issuing from flume holes. The usual 
time fd^ steam curing is iihout forty-eiglit hours in the kiln and then 
removal to the open air, 

Eare must he taken that the cast is ho stored during the* steam¬ 
ing process that It docs not colhfct tliscoloring matter frorti chim¬ 
neys or otlier sources. Hoot from chimneys is very apt to discolor 
the work, at least until the concrete has permamudiy hardemesL 

Cart in Handling.— C'are must he usetl in hnmirmg grcmi casts 
or cracked ciwIh will rcHiilt, C'arekmsncss in handling greim casts 
freipiently resiilte in the formation of tine cracks, winch, though mino- 
ticed at the time, give evidence cd' tlicir presence later in the failure 
of this casti. 
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MOLDING IMITATION MAEBLE 

The most sueeessriil to prodnee imitation marble' is 

marble Hour or dust and white sand; this is mixed in the propor¬ 
tions of 1 part of marble dust to 2 purls of the' sand, to whi(*h is 
added 1 part of white Portland eement; this makes a 1 :d mixtnrex 

Use of Glass Slabs.—Where tint slabs ari‘ d(‘sir(‘d the rnold should 
be lined with plates or slieets of irlass; upon this a thin etmtiuir of 
the eonerete is laid to a thicdviiess of about f’l in,, beiu.ix floattul or 
troweled, so as to brin^ all the eontined air and surplus water to 
the top of the troweled surface. The balance of the concrete is Hum 
added, which bonds with the thin coating* placcul upon ilte ulass 
surface and makes a perfect slab, without the usual iur-bubbh*s c»r 
minute holes in the surface. Many pieces of work liavt' been pro- 
duced in this manner witli a smooth, glossy surface, eapablt* of 
reflecting light, fully the ecjual of polished marble. 

Use of Molds Coated with Enamel.— Bath-tub enaimd may l)e sub¬ 
stituted for the glass slabs numtioruHl above for lining nudfls. Such 
an enamel coating will pi*oduc(‘ muirly the same etL‘et as the glass 
slabs, making it possible to mold eoncret(' that will reflect light like 
polished stone, with lines and relief design of the most intrieate 
pattern. 

Surface Treatment.— Tlu^ effect of polislual marble k Inereiwfal 
if the casf is allowed to liarden for about a week and then rubbe<I 
or polished with a piece of felt, dampened with <»xalic aeid. This 
produces upon the concrete the luster of poHslied st<m<s and if this 
is repeated whenever it is desired to clean the e<mcrete surfaccg tht» 
effect can be made lasting. The marble aggregatt' may also Ih» 
exposed by treating the surface as described in Art. 43, although ffiw 
will injure the smooth, glossy surface. 

Imitation Marble for Ordinary Concrete.*— Where a tnarble fliuHli 
is demanded to a large body of ordinary concrete, the surface (jf tlie 
forms may be coated witli dry marble flour and white Portland 
cement mixed etpial parts. This is sifted in dry to a thickness of 
about an eighth of an inch, and the wet concrete' body placed n|wmi 
same. A mixture of white cement, marble fhmr and white siind 
also makes an exc.ellent facitig mixture for tliis purpose luid insures 
a lasting and successful finish wbeti so employed. It may be mixed 
in the proportions stated abovc^ 

Imitating th© Vein in Marbl©.- The vc'in or color in marble k 
easily secured by employing a thread or string saturated in ii thin 
solution of aniline color or any permanent dye; this is placed upon 
the concrete surface, following the line selected for the* colcu* to run. 
The effect is increased by placing the thread in irregular or F 4 g/.ag 
lines upon tlie surfaee of tlie work. Thc» concrete alrsorlw tlte color 
from the thread or string by capillary attraction, flius causing it to 
permeate the surface of the eoncrefc' for sevc'ral imdies on eneli «ide 
of the dye saturated string. This causes the color lo be the deepest 
at the point the string lies upem the surface*, and frouj that point it 
blends outward in gradually diffusing shndeH, until it is lost in tita 
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/liite sui-rnee oi tlie eonevele. Cuvq must be taken to have the string 
/ell saturated with the dye, otherwise the work may appear too 
ireaky, being loo miicdi unlike natural marble. 

Another mol hod is lo apply the color or dye with a fine brush, 
lenciling the lines in the same manner as employed in laying the 
bread or string. 'Phe color is absorbed by the concrete and the 
apillary action distributes same over a portion of the surface 
Lpon each side of the penciled line. 

MOLDING GEANITE CONCEETE 

Orushed granite or (piartziterous sand, well graded, should be 
isod. This can be purchased of a number of dealers and usually is 
u the right proportion of light and dark colored grains to give 
xccllent results. White Poi’tland cement should be used in prefer- 
aico to ordinary cement. The use of white Portland cement gives a 
ighter color to the surtace in imitation of the light gray granite. 
Irdinary Portland cement, on the other hand, gives a darker shade, 
viiich can be increased by adding a little lampblack (see page 39(5) 

the cement; this is desirable if an imitation of a dark gray 
granite is to be secured. 

Selected Aggregate.—The addition of yellow, pink or red silica 
uuul 1,0 the crushed granite will produce varying lines that are of 
p'eat value (see Art. 42, page 390). True granite is composed of 
piartz and i)otash feldspar; the usual or natural color is a shade of 
rray, l)ut, when acc(‘ss()i’y minerels arc present, the stone may be 
>r various shades ol* green, yellow or pink, and even a deep red. 
[h)lore<l silica sand or (wen mineral colors may thus be employed 
in almost any color sclunne without departing from the hues of 
>:ranite as it appears in a natural stale. 

Proportions.— 1 r the aggregate is well graded a proportion of 1:3 
will giv(^ very suceesstiil results, but if the sand or granite is com¬ 
posed of very line grains, more cement is demanded and a mixture 
[>t! 1:2 may bo recpiirtal. The y)artieles of crushed granite are gen¬ 
erally very hard, sharp and usually clean, with a minimum of fine 
dust. This i)ermits a 1:3 mixture with greater strength than the 
use of crushed marble in the same proportions. Marble is merely 
limestone that is crystalline, which is easily crushed in comparison 
to granite, thus causing a large percentage of fine dust or flour to 
bo present in the product. This requires a greater percentage of 
cement than whewe tlie particles run from coarse to fine. 

Molding Granite Concrete. —flraniie concrete may be molded in a 
manner similar to that described in Art. 41 for ordinary concrete 
work. 

MOLDING CONCEETE TO IMITATE TOOL-DEESSED STONE 

An imitation of tool-dressed stone may be secured by coating the 
surface of the mold with a thin wash or size of glue or shellac, and 
while this is yet tacky, sifting coarse sand over the surface. This 
is held by adlicsion and dries in that manner, making the surface 
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of the mold like ordinary sand-paper. This is then ,aiveii a eoatin^ 
of shellac, and then oiled, to prevent the c-onerete from adhering' to 
same, or bonding to the sand, as it would if it were not treated. 
The sand surface molds the concrete with a vast nunilxT of niimite 
indentations and points upon its surface, in close imitation to tool- 
dressed stone. 

Rock-Face Finish.—A rock face can also he secured in the same 
manner. The face of the mold is given a heavy glue coat, and in 
this is embedded spalls or pieces of broken stone or gravel, arranged 
in the form that it is desired to have the indentations in ihe con¬ 
crete. This should be well treated with shellac and oil. This molds 
a reverse of the rock surface in the concrete. For other methods 
of securing a rock-face finish, see Art. 43, page 400. 

Art. 65. Concrete Building Blocks 

The use of concrete building blocks as a substitute for wood, 
brick, and stone has become very extensive within the past ten 
years. Concrete blocks, when properly made and used, form an 
excellent material for building construction. They are made with 
rock face, smooth face, or ornamental face, as desired. Tlie walls of 
the building arc made of hollow blocks, witli continuous air (4iam¬ 
bers, or of blocks which, though not themselves hollow, can ho laid 
so as to produce a hollow wall. 

The forms and sizes of blocks are endless in their variety. They 
are used for straight walls, pilasters, corners, bay windows, chimneys, 
chimney breasts, window and door caps, sills and sides, string courses, 
water tables, cornices, etc. 

MATERIALS FOR CONCRETE BLOCKS 

Concrete building blocks are constriieted of cement, sand, gravel, 
or broken stone and water mixed in proper proportions. Sometitnes 
the gravel or broken stone is omitted, in which case tlie hlof-ks are 
properly called mortaror cement^' blocks, although the terra 
concrete is still applied by a few block makers. 

The fundamental principles governing concrete block construc¬ 
tion, so far as relates to the qualities of the materials, does not 
differ materially from that of ordinary concrete construction, and 
has been fully discussed in Chapters I and H of this work. Tn 
other words, the materials for block construction may be selected 
according to the same principles as are applied in making ordinary 
concrete. 

Cement. —Natural and Puzzolan or slag cements arc* sometimes 
used for making concrete blocks, and, while greatly inferior to I^ort- 
land cement, may he used for work which will he constantly wet, hut 
should he avoided foi' work exposed to dry air, as such blocks fail 
from cracking and shrinking (at the surface only) in dry air. No 
cement is as fully reliable as Portland cement, and the highest 
grade of the latter should be considered for concrete blocks. 
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Tbo selretion of a pr{»pt‘r caaiient for use in c^onereto block manu- 
Lctun* is of till* utmost importance. Only a so-called “somuO’ cenumt 
in he u'^cmI in the manufaetun* of concrete blocks which are made 
f rt‘sist the action of time, watiu*, ami atmospheric gases. An excess 
; *‘fn‘eiime’’ will in time become hydrated, and swell, exerting such 
•eat force as to disintegrate what may have been blocks which Iiave 
iH»ved tuinl for a Itnig period. Oertain brands of cement are much 
ore liable to this tendency than others. 

('olor is anotluu’ point to l>e considered in selecting a cement for 
.aldng concrete Idocks, ns tlia various brands dry out in ditlerent 
dors, S(»me being ligbt and some dark in shade, 

A while PortlatuI cement is often used in facing blocks because 
f its iigliter color and its waterproofing ciuality (see Art. 42, page 
HK 

The eemmit sla^uld \m tested or warranted by the manufacturer 
tid muHt he a high-grmhs slow-settitig Portland eenumt. 

Scn'erii! substances having claims to strengtlum or accekmite the 
ctioii of Portland cement are !iovv on thc^ market, but they must bo 
Hcd with great eaution, for even if they do appear to strenglhen 
le eemeiit when first made they may have a deteriorating action 
iiiiiliir to s<une «»f the wat«*rproofing compounds on the market. 

Hydrated Lime.— l/trne is sometimes inixml with cement mortar, 
idiiir tr^ed Id ri*pliiee a portion of the cement and to improve the 
iiiilities of the mortar for block making. The dry-slaked or hydrated 
me is till* most convenient form to use, and is now a common com- 
lereiiil {irticle fsee Art. 4B, page 42B). 

Ilydnitial lime is mixed in the proportion of oneM]uarter to one- 
alf of the eenient miiploved, A mixture of 1 part of hydrated lime 
I 4 parts of cement will he safe, and in some cases heneticial. The 
dditioii of iiydriited lime is of less benefit to a mixture that is rich 

I ceiiieiit iiml mi proportiouetl as to fine and coarse aggregate that 
oiiN are r«»duced to the minimum titan to a mixture tliat is poorly 
ritileil. Before employing it, a little experimenting should be done 
y w'cuiliig a few pounds and noting tlie difference resulting from 
s use ill the mi\tlire, 

Tiie ndditioii of Iiydriited lime in tlm proportions stated above 
all eatwe the lilockn to get more rapidly, will make them lighter 

II eriltir, iiiul the concrete wall he ilenser ami more imia*rvicms to 
rtiiktiire. In other ivords, tlie use of hydrated lime generally secures 
TCiiier detwity itml imperriiculiility in the block, besides ligliter color. 

Ill giitiii iiiixtiires w4lh the proportion of 1:4 or 1:5, at least one- 
lilrcl of life cimietif can be replaced with hydrated lime without 
|ipiwiiilile loss of strength. 

Wliile liydriile of liiim is tlie most convenient material for making 
oiicrelfi bhicks Impermeable by filling the voids, its cost is prac“ 
irally as Itigli iih tliat of cement, and carefully slaked lump lime 
» itiiire often i*iii|iloyi‘cl. 

Sand, —Tlie miiid glimild be clean and free fnnn clay or loam wlien 
.geil for tiiti fiice or niposed part of the Idock. For iliis reason, river 
aiifl in iwiiiiliy prcferfible to pit or bank sand; although bank sand 
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sometimes free from foreign matter. A small proportion of clay 
y be allowed in the sand for the body or that part of the block 
ieh is not exposed, which in many eases makes the blocks of a 
t mixture stand up better than when perfectly clean sand is used, 
I does not decrease their strength. Too much clay, however, is 
Lirious (see page 91). 

Sand should preferably be round and, except for the face of 
‘ block, should be fairly coarse; or, better, should range from 
3 to coarse for the body of the block. 

If the sand for the face is not perfectly clean, it should be washed 
‘ore using (see page 103) ; that for the body may contain a small 
)portion of clay without detriment to the strength of the block, 
lally about 5 per cent. 

The sand should be screened, if necessary. 

The sand should be tested as to fire-resisting quality, when blocks 
s liable to be subjected to fire (see page 119). 

Artificial Sand. —The following materials can be used in place of 
toal sand in making concrete blocks: (1) Stone screenings and 
) Crushed oyster shells. 

Stone screenings, if they do not contain too much fine dust, will 
^e as strong a block as can be made from natural sand. Screenings 
crusher dust from soft stone should not be used, as blocks made 
•m them will be weak and undesmable. (See page 85.) 

In the Southern States, where no sand is obtainable, crushed oyster 
ills may be used. These furnish a good, clean, and sharp material, 
ose only objection is that blocks made from them do not resist 
i very well. 

Gravel. —A hard, clean gravel should be used in making concrete 
>cks (see Art. 9). The gravel should be irregular in size, varying 
)m fine to coarse. If it contains over 5 per cent of clay, the 
ivel should be washed. The gravel will usually be mixed with 
id and, provided there is very little foreign matter in the natural 
xture, it may be used wdthout screening by adding the required 
lount of sand or gravel, as the ease may be, to secure desired 
ative proportions between fine and coarse aggregate. 

Broken Stone. —Broken stone affords a good material for making 
icrete blocks, trap rock and granite being the best materials for 
ih purpose. While limestone makes a good aggregate for concrete 
)cks, its chief objection for such work is its liability to disin- 
^rate in case of fire, because when the blocks are heated the lime- 
me is calcined to quicklime, and the blocks collapse, particularly 
water is thrown on them. Otherwise, limestone is very desirable, 
e softer sandstones should not be used, because a concrete cannot, 
the nature of things, exceed the strength of its aggregate. 

If much dust is present in broken stone it must be removed by 
lans of a small mesh screen. Another way is to wash out the 
3t (see Art. 10). 

Cinders. —Concrete blocks made from cinders are inferior in 
ength to those made with gravel or broken stone, because the cin- 
rs are easily crushed and are very porous. Eor these reasons 
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tliey should not l)o ust^l in situations where ii^mit stroni>'tli is r(‘<iuired. 
riiey will ^.rt)ve tlio inost satistiietory lor interior walls carrying 
light loads. 

('iiuhu's must bo ustnl oautiously, as th<‘y often ooutain dang(U'ous 
nipuriti(‘S and parti(dt‘s oi’ unhurnod onal (see Art. 11). They sluudd 
H‘ free from aslu*s and sulpliidi's, hcung oartd'ully washed, sereimed 
if ashes» and the etnirsc* particdes erusluHl. 

Btee of Aggregate. In makitig building bloeks it is always an 
idvaidniro to use us large a size* of broktui stom* or gravel as cati be 
:*onv«‘nientIy worked in tlie mold, but the spaetvs to be tllhsl are 
iHually too narrow tc^ permit the use of veu’y eoarse maltuials, thus 
imiting the bloek maker to the use of aggregate not exeeeding % iti. 
in size. Aggregate Inrgcu' than I in. in Hiz(‘ ean V(‘ry seldom he 
used, and, as a rnle, sizes ranging from up to or % in. are the 
[naximitm sizes that will pnn*(‘ sntisfaeteny. 

If the gravel runs ovin* % in. in diameter, it will generally be 
leeessnry to Hercant out the larger sizes, but *Vi-in. sizes e.an be used 
in most bltH'k molds. 

Wlnu'e possible, graded sizes sliouhl be used, and for the best 
results at least ene-tliird of the matcu'ial should he eoarser than 14 
i\ 1:5 mixturt* containing Hindi gravel or broken stone will he found 
%H strong and as durable as a 1:3 mixture of sand alone. 

Water.—The water used in making concrete likadvs must be clc»an 
iiul enpcciidly free frmn injurious minerals and animal or vc^ga- 
liible mutter (see Art. 12). Many blocks have been spoiled by using 
:lirty, impure, minhly water. 

XJi© of Salt.'—Hodimn chloride or common salt is often added to 
[gmerete block mixtures in freezing weather, lb per cent of the wtdght 
if the mixing water btdng generally considered luu’mless (see Art. 
13, page 3al). Tliere are, however, other methods of Hatisfactijrily 
nercoming the diOlcultie.s attendant upon winter work as tlescrihed in 
Art. 33. 

Ooloring Matter. - - If blocks of a particular color aro to be pro- 
tltieed, it Is necessary to color only tln^ face of the block as mentioned 
m pfigi» 311L Thi more correct way to accomplish this is by the use 
iif sidected aggregate, such as colored sands or pcdibles, as tlescrihed 
in Art. 42, page 31)0, This, however, is sometimes impraeticable, and 
ill siieh ciiHi»s resort must be matle to mineral coloring matlcr as 
described in Art. 42, page 304. There is one coloring matter that is 
II beiiidit —dliat is lampblack; all tdher colors are more liabltB to be 
fin injury than a benefit 

Watirprooflng.--Thcre are several metliods or pngiarations used 
for waterproofing tlie blocks, special mixtures lH»ing used in the eon- 
Crete, in a Hpecial facing mixture or applied to the surface of the 
blocks, iw ilescribed in Arts. 4H and 40. One very important atljunct 
to all flicse iiictliods of keeping water out of a wall is the ilensity 
of tilt! block itstdf. 

Various proprietary comiHnuuls are on tlie market for waterproof¬ 
ing concrete blocks, some of which are mixed witli the cmnciit in the 
rttinui manner a« liyilratetl lime (see page 433). The merits of tliese 
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compounds can be judged only by results, as they are usnally made 
by a secret process. The remarks rei^ardini’’ slaked lime are ap¬ 
plicable here, except as to the quantity of the proprietary compound 
to be used, this, of course, bein^ speeitied by th(‘ manufacturer. 

Occasionally surface coatinjT^s have been employed with more or 
less success. Such coatin^a's, liowever, should l)e composed ol ma¬ 
terials which are not affected by the free alkali in the ecTtienl which 
will saponify most oils. 

PROPORTIONIN'G AND MIXING CONCRETE 

The fundamental principles governing’ eoneroto block construc¬ 
tion, so far as relates to the proportioning and mixing of the in¬ 
gredients, does not differ materially from that of ordinary concrete 
construction, and has been fully discussed in Arts. 13, 14 and 15. 

Proportioning the Materials.— It is customary to fix arbitrarily the 
proportions of materials used for blocks (see page 137). When sand 
is employed for the aggregate, the proportions used vary from 1 
to 1:6, a very common proportion being 1:4. A strong and fairly 
impervious material is desired, to secure which recpiires a proportion 
of sand not to exceed 2y2 or 3 ])arts. From 3 to 5 parts of gravel or 
broken stone may be used without decreasing the strength of tlm 
product. 

Frequently the gravel or broken stone is omitted and as many 
as 5 or 6 parts of sand used. This is exceedingly bad practice and 
entirely incorrect in principle; the omission of the coarse aggregate 
should not peraiit the use of increased quantities of tine material. 
Gravel and broken stone with sand gives a denser mixture, and 
requires less cement than sand mixtures. It is a mistaken id(*a that 
sand will give a denser mixture) than sand and graved or broktm stone 
mixtures. When gravel or broken stone with sand are used for 
the aggregate, leaner mixtures will give ecpial strengtlu 

The proportions used in making true concrete blocks have also 
been arbitrarily hxed. These proportions vary from 1:2:4 to 1:3 
A very common mixture consists of 1 part cement, 2% parts sand 
and 5 parts gravel or broken stone. Sometimes a mixture 

is used, but such a mixture is applicable only in the case of heavy 
blocks where a large percentage of very coarse aggregate can be 
used. For a high-grade, water-tight concrete block, a 1:2:4 mixture 
is generally used. 

When facing is used, sand mixtures in proportions varying from 
1:1 to 1:3 are used for the facing mixture. 

The most satisfactory mixture of cement, sand, gravel or broken 
stone must be determined by experiment with the materials to 1)0 
used, according to the principles stated in Art. 13, page 145, in order 
to secure the greatest possible density. The results thus obtained 
should be carefully followed in proportioning mixtures for all work. 
Chapter III of this work should bo carefully consulted m to the 
method of determining the best mixture with the given materials. 

A considerable proportion of coarse material is just as neewsary 
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as in ()lh(‘r kinds of (a)ii(*i*(‘tt‘ work, and i»‘rav(d or hrokcni sione should 
bo employed witli lids point in view. 

Till' addition of slaekinl or liydrati'd lime tends to make the blotdv 
less porous (see pa^’e 522). 

Proportion of Water or Consistency of Mixtnre.~~Iu respeid, to 
eonsistemw, pratdiee elassities I'onerete mixtures for bloek mamirae- 
tnre into wid. mixtnri's, medium mixtures and dry mixtures. Tin' 
consistI'liey to use will di'pend laru'i'ly on tlu' type of bloidv macdiine 
to b(' tilled. Somi' maidiini's can haudh* a miudi wetti'r mixture than 
(dhm-s. In other words, concri'te block machines arc desio-ued spe¬ 
cially to use one* of the three mixtures. 

Kor pourial woi’k suniiuent water is usimI to render tho concrete 
mass semi-tluid, so that it can bi' readily poured from a bucket into 
a mold. This mixturi' is used in all processes wheri^ the blocdc or 
otluu* member is subjectml to neither tamping’ nor pri'ssure, but 
acijuii’i'H the form of tlu^ mold by its own settlement and attains ri<>'id- 
ity by remainin.i^ theri'in. A K*’uat number of molds are necessary 
in this case to allow tin* conmade suHicii'nt time to si't before their 
rmnovalj as tlie concri'te must nunain there until hai'dened. A wet 
mixture produces a supi'i'ior Idock both in pidnl of stri'ii^fh and water- 
prootlui^ (puilities, but a medium mixture* as describi'd below is by 
fur tile most extcmsively used. Castings in sand molds are made by 
the use of a semi-fluid concrete. Fine limestone screening's prove 
the most Hatisfactory mryrc'j^mte for poured work, as sand and ^’ravel 
usually settle too rapidly for vt'ry wet tnixtures. 

For blocks mold(‘d by pri'ssure, a medium wet mixture is usial. 
Tilt* pressun* or Iboroujjfh tampluijc causes free \vnt(*r to flush to the 
surface. This is by far tin* mt*s( salisfaetory mixture* to adopt ami 
should be iiHt*d for the body of all tampi'd t>r pr(*SHt*d blocks. 

A dry mixture* is nt'cmssary if fbe* block is to be remov(*d from the 
mtdd as socm as made, just enouyh water beiiujc added to ^ive the 
eoncr<*te the consiHt<*m*y of moist (*arth. That is to say, by a dry 
ctmcre*te is nu'iint a mixture that on lieini^ pre*Hsed in tlu^ liand rt*tainH 
its slmpe but demn not elisccdor the hand. Such a mixture should 
m*ver be usc'd for tlie body of the block. Blocks nuule from too dry 
eemerete will always remain soft and wc*ak, no mat ten* beiw t borou|j:lily 
sprinkled after being taken out eif {lie* molels. A mixture too dry 
to 8c*cnire tlie initial set erf cement enm ne*ver give a geiexl ble)c,k. Siudi 
niixturc*B riiimt be iivoieled if good ami relialile blocks are to bo 
manufactured. 

On the other lianel, if bleicks are to be removed from the machines 
as soeni as made, too much watc*r will cause lh(*m tei stiedc to the 
plates and sag out of shape, Tlu*re is also a danger of the aggre¬ 
gates Betting end apart freuti the cement and spoiling the block 
wlien too much water is useel. 

It is possible, bowevi*r, to so proportion tlu^ watc*r as to secure 
tlie recfuired <lensity and hardc‘ning (pialili(‘H, and still bt* able to 
remove the bUmkH at once fi’oni the* molds. The mixture should be 
as wet as ean he used without sticking to tlu* molds ami without 
sagging when the molds are removc*<l. In other words, the* aim should 
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always be to use as wet a mixture as can be conveniently discharged 
from the mold. A high proi)ortion of coarse material allows the 
mixture to be made proportionately wetter wiihoiit sticking or sag¬ 
ging. The proper consistency has to be determined by exporinienting 
on the materials being used. The general rule to be followc'd is: 

^^Use as much water as possible without causing the blocks to stick 
to Ihe plates or change shape on being removed from the machine or 
molds. The mixture should leave a steel trowel clean when dropped 
from itJ^ 

The proportion of water to be used is a matter of the utmost 
consequence, and has more effect on the quality and strength of the 
blocks than is generally supposed. The use of the correct propor¬ 
tion of water at the proper time is a fundamental principle of block 
making. 

It is impossible to give a fixed percentage of the amount of watem 
required, as tliis varies with the character of the materials, ihe 
moisture in the atmosphere, and other causes (see Art. If), page IDd). 
This amount of water is generally less than 10 per cent of the weight 
of the dry material or mixture. Usually about 8 or 9 per cent of 
the dry mixture by weight will bo found satisfactory. An experi¬ 
enced block manufacturer can judge accurately when ihe right amount 
of water has been employed by squeezing some of ihe mixture in 
his hand. It should easily hold its shape upon relieving the pressure; 
if not, it is too dry. It should also moisten the hand when squeezed 
in it. 

To secure uniform blocks in strength and color, the same amount 
of water should be used for each batch; otherwise, slight varia¬ 
tions in the proportion of water make a marked dilTerenco in the 
quality and color of the blocks. When the proper quantity of water 
has been determined for any set of materials that quantity should 
always be accurately measured out for each batch. 

Mixing the Materials.—Two methods of mixing the materials, 
first machine mixing and second hand mixing, are available in 
concrete block manufacture as in general concrete work (see pages I()7 
and 176). Machine mixing is very much to be preferred to hand mix¬ 
ing, and batch mixers should be used, because it is essential that only 
measured quantities of each kind of material are found in combina¬ 
tion at every stage of mixing, else variations in quality and color 
will be inevitable. The time of mixing cannot be as well regulated 
with continuous mixers as with batch mixers. Good results, however, 
may be obtained in hand-mixed concrete. 

Materials should be mixed in the dry state until the combination 
is uniform in color and the parts are perfectly combined. The proper 
amount of water is to be added and the mixing continued until the 
concrete is of an even color throughout and every particle coated with 
cement paste. 

As in all other concrete work, thoroughness in mixing is neces¬ 
sary to success in concrete block manufacture. In fact, the thorough 
mixing of all the ingredients is one of the most essential things in 
block making. Art. 15 should be carefully read in this connection. 
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’riKKiivlicnll.v. cvcr.v piiiiiclc ol' the a-urivf-'ato must be eomcut-eoated, 
aiul this can be circ'ctcd (.nly li.v mixinf;' much moi-o lliorousiily lhau 
is comiimii. The kimU)f mixiii'i' nmairetl to make siipevior eonercte 
blocks involves soniethiti.a' more tliau ninnius)' the infiTedicuts throuj^'b 
a batcli mix(M- ami somethiim- more than shoveling for a given 
p<*ric)tl of time in hand inixtu.ii^. 

Tlu‘ nmoiud nt wntin* ustal Itn* blncd-cH to bo removed from molds 
us sikon ns inmlo is so small that it can bo evenly distributed tlirou^-b- 
tnU tlu' inatcM'ial (udy by cartdul and th()r()um'li mixing’. If tlic 
tliorongii and (‘Vtm mixing is not strictly observed, damaging results 
will follow. Insutricicnd mixing will cause the blocks to be weak 
Mini unew'erdy colored. 

Only cniough ctmcrctc should be mixed at a time so that it can 
«'asily be* wt>rked up betort* tlu! initial setting occurs; otherwise, it 
will wcidit'U the* block and (*s[a‘cially prevent tliorougli consolidation. 
Idle size of butch to be niixc*d should not be of greater volume than 
can be couHinned in »it) niinutc‘H, as the average cement takes its 
iuitinl set within that tinu*, and a block that is to be of good quality 
must be mubleil In*fort* the cement begins to sot. 

MACHINES USED FOE MAKING BLOCKS 

A great variety of molding machines are in use for the manu- 
fadiirt* of eonertde blocks. Thc'y vary with res])ect to: (1) the 
melhod empb^yed for eompacting the concrete, i. e., tamjiing, corn- 
prcHsing and pouring; (2) tin* consiHtc'ncy of the material used, i, e., 
<lry, nie<ruun and wet mixlures; {IV) tin* position oeeupied liy tlic‘ lace 
of tin* bhtek during the molding procixss, i. e., vertical-faced and 
iHH’i/.ontal fH(‘f»d machineH; ami (4) the kind of blocks rcuiuircd, i. e., 
orilinary iiollow bb»cks and staggered or tvvo~[)ieco blendes. 

In one process (In* emnerele is niix<*d to a damp consistency and 
tamped Into the nicddn c*itlH*r by hand (»r by pneumatic or nieclianical 
tiiiiiper, OtluT miicliincH use a sornewlmt W(‘tter mixture, that is, a 
iiiedinnt or nnHleuitt*ly wet mixture*, and upi>ly pressure mechanically. 
A third pr*»cc‘Hi4 cesiisists in ptmring \v(*i conen'te into molds. In the 
first two procesKes tlie concrete is sunicienily dry to enable the 
iiiobl to Ih* rc‘moved immediidely from the block (the tirst process 
tH to be avoided as mentioned <m page 53*1), but in the last process 
file mold canintf be renmved until the concrete is set. 

In the liori/.ontiibfaee<I eonerete t)I(H*k machines (the ^M*ace-dowid' 
or “ downd’inn* * * machineH), the Ine(*»plate tbrms the liottom of the 
mold: in tin* vertic*a!-faeed inaelnneH, this plate is held in a, vertical 
|Ht>ttion. Smtn*tinies the* face id* Iln^ blo(*k is formed by the cover 
of file medd, instead (»f the Indtom <d’ the mold; in such cases it is 
a *M’aee up'* maeliine or nn»hl. The fnc(‘-(lowu machine is the more 
eiisiiv adapted to applying specially treated faces to blocks. If a 
vortical-faced imndiine is used, tin* Hpc*eial facing (consisting simply 
of rieli iimriiir, wdiicb may In* ctjbn’(‘d, wat(‘t’proofed, etc., as men- 
tifan*d lielow) is placed while the eornu'ete forming the body of the 
block m kept buck by a parting plate or other device. In the face- 
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down machine, the facing can be placed directly in the bottom of the 
mold, and the coarser body mixture be placed above it. 

The machines for ordinary hollow blocks are made with horizontal 
or vertical cores, the horizontal core machines being rather bctler 
for making blocks with a special facing mixture as mentioned above. 
The machines for staggered blocks have cores placed so as to pro¬ 
duce a staggered effect. The object of the staggering is to prevent 
the moisture having a direct passage through the wall by leaving 
an air space between the two faces of the block. Machines for 
so-called two-piece’’ systems mold the pieces by pressure on a 
moderately wet mixture. 

Principles of Block Machines. —Concrete block machines are all 
very similar in general principles, but differ in minor meelianical 
applications. The simplest machines are merely molds witli remov¬ 
able sides, ends and cores, and there are many methods of combining 
and operating these elements. 

In some cases the machine or mold is moved away from the block, 
rather than removing the block from the machine. Some machines 
automatically release the block from the mold, delivering it upon a 
base plate to a support in front of the machine, ready to be carried 
away. Other machines are equipped with mechanical devices for rais¬ 
ing and lowering cores and blocks, for operating the removable sides 
and ends of the mold, for lifting and transporting the blocks, etc. 
This gives opportunity for the application of much inventive genius 
and the variety of machines is added to at least monthly, until now 
it is almost an impossibility to keep track of them. 

Sand cores are used occasionally to take some of the excess 
water in the concrete and hasten the time of setting or hardening. 

The tamping may be done by hand and by pneumatic or mechanical 
tampers, of which there are several designs on the market, handled 
in various ways. A few machines apply pressure to the blocks 
instead of the tamper, some by means of hydraulic presses, others 
by means of levers operated by hand or by machines. 

Nearly all block machines have adjustable or exchangeable sides, 
so that face designs can be substituted for plain faces. 

Many of the machines are so adjusted that the sides of a block 
can be faced with a richer mortar of the desired thickness. This 
gives a neater, smoother face to the block and makes it less pervious 
to water. If desired, this outer shell can be colored, giving a very 
fair imitation of natural stone without being expensive in coloring 
matter, or this shell may be waterproofed as mentioned below. 

One ideal which all block-machine makers strive to attain is tlie 
elasticity in size and shape of their blocks. Most block machines 
attain this ideal to a greater or less degree. The forms and sizes of 
blocks are endless in their variety, each inventor having his own 
ideas of the best form and size of block. There is but little uniform¬ 
ity in the blocks on the market, and in fact in many instances there 
seems to have been an effort to make blocks whicb cannot be used 
with those made on any other machine. 

Another ideal which all block-machine makers strive to attain is 
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to have their blocks amply strong and at the same time reduce the 
amount of material, which is accomplished by making the block hol¬ 
low—this also makes walls which keep more equable temperature 
within the structure, and which aid in preventing moisture reaching 
the interior surface of the walls. 

Molds.—Molds are made of wood, iron or steel, or in some systems 
of sand, and may be of three general types, depending on the 
position occupied by the face of the block. If the face is formed 
by the bottom of the mold, it is a ^^face-down’’ mold; if formed 
by one of the sides of the mold, it is a side-face’’ mold; and if 
formed by the cover of the mold, it is a face-up” mold. 

Molds with solid sides can be used indefinitely, a number being 
required sufficient to keep the workmen busy until the cement has 
set and the molds can be removed to use again. 

Some of the molds are fixed in size, fractional blocks being made 
by inserting plate partitions, necessitating a different mold for each 
size or shape of full-sized block. Others are equipped with adjust¬ 
able beds on which various sizes and designs of side and end plates 
and cores can be operated. Still others are adjustable in all dimen¬ 
sions with the help of some extra plates. 

According to several systems sand molds are used, which give a 
special texture to the surface of the blocks and regulate the amount 
of water automatically to the requirements of the cement in crystal¬ 
lizing. In one instance it is claimed that by using sand molds, a 
chemical is ap[)lied which hastens the hardening of the surface. 

Face Plates.— There is a variety of face plates on the market, 
rock-faced, tooled and rubbed faces being the most common. If 
rock-faced blocks are to be made, several different patterns of 
face should be used so as to break the monotony in the finished 
structure. Rock-faced blocks are usually east from natural stone, 
but such facings are inartistic, as the blocks are very evident imita¬ 
tions, and for this reason should be avoided, a plain face being much 
more preferable. 

General Stipulations. —All machines should be solid and substan¬ 
tial in construction. They should be provided with attachments for 
making angle blocks of 90, 45 and 30 degrees. 

The molds must be rigid and rigidly bolted, clamped or locked 
together. They must be so constructed that they can be removed 
or released without injury to the green blocks. 

The platens or working plates on which the block is carried and 
stacked must be stiff enough not to spring under the load and can 
be easily gotten hold of for carrying without wrenching or tilting 
the green block. 

Care of Molds, Etc. —Molds must be kept perfectly clean, thus 
making a clear cut impression each time. They should be wiped fre¬ 
quently with an oiled cloth to keep them smooth and prevent sticking. 
Care must be taken not to discolor the face of the block by using 
too much or too dirty oil. In this connection, see Art. 18, page 241. 

There are very few plants in which the machinery is carefully 
clwod and oiled at the close of the day's work, and yet these 
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are some of tlie most essential factors of success. IL* Ihe machine is 
not properly cleaned and oiled, it will be impossible to releases the 
block without cracking or cliippin«’ it. Not much lime is reciuired 
in cleaning and oiling, and if ihe work is carefully done (as it should 
be), a much better and much larger product will bo the result than 
if the machinery is neglected. 

DEPOSITING CONCRETE 

As in all other concrete work, care in depositing is necessary to 
success in concrete block manufacture. By dei)()siting is meant tlic 
process of filling the mold with the ingredients of which the block 
is to be made. This process is not so simple as might at first apiJoar, 
and many of the qualities that tin; final block is to possess will 
depend upon the care displayed during the molding. The first part 
of Art. 25 should be carefully read in this connection. 

Method of Depositing. —The method of depositing the material in 
the mold will vary according to the kind of mold used. If a side- 
face'^ mold is used, the concrete should bo placcul in small (|uan(ities, 
being carefully tamped or otherwise compressed into the eorners and 
around the cores. If the block is to bo faced with a material different 
from that used in the body as described in the next seetion, a thin 
partition should be employed and ihe facing mortar placed b(‘twe(*n 
the partition and the face plate and the coarse material back of 
the partition should be tamped as the latter is gradually witlnlrawn, 
as described in Art. 41, page 386. 

The method of depositing the material will bo (lisctissed mon^ fully 
under the section ^^Compressing the Material" (see page 533). 

FACING OF CONCRETE BLOCKS 

As provision must bo made for introducing a thin facing of difTer- 
ent materials from the mixture used for the body of the bl()ek at 
time of filling the mold, it is well to consider here tlie general subject 
of facing. 

There has been considerable opposition to facing concrete blocks 
with a finer and richer mixture than that used in the body of the 
block, being caused by the belief that it is impossible to put on a 
veneer facing of rich mortar tliat will not crack, peel, or separate 
from the body of the block. This apprelumsion has been based on 
the difficulty of securing an adef(uat(* bond bedwetm body and face, 
or on the unequal expansion of the differing mixtures. In practice, 
however, the theoretical inequality of expansion has not proved disas¬ 
trous, and the securing of an adequate bond between the body and 
the face is merely a mattei' of method, as mentioned below. 

Cinder concrete blocks should always have a sand mortar facing 
at least % in. thick. 

Blocks are made with either a plain face, or of various ornamental 
patterns, i. e., tool-faced, panelcal, rock-fac(*d, etc., which is done 
by introducing the proper face plate in the mold (see page 530). 
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Materials for Facing. The host (lualiiy of* l\)rthui(l oeuient 
should b(‘ us(‘(h and may l)t‘ of oiduu* iho ofdiuary oi* vvhito o(‘nHuii. 

Tlu‘ aggi*t\L»att‘ Tor tho should ht‘ (d‘ line sand, lino stone 

scrocniuti's, nuirhl(‘ dust, i»r otluu- suitable material. 

Facing Mixturos.^ The ra(dn.<** is usually madt‘ ot a mixture ot 
eomeut and liiu^ a;L;'^'rt\e;a|{‘, vui\\ini»: in proportions from 1:1 to 1 :d, 
\vhil(‘ iho ba<*kin.u' or body of tlu‘ blotdv varies from 1 :d to as 

mentioiUMl on pai^e .“>25. Kit Inn* a 1 :2 or 1 :d taeing mixture is rcoom- 
numded as possessin^^ less liability to hair oraoks tlmn a rioluu' mix- 
turt». The pentdration of vvatm* may bo elT(‘(*tiv(dy previmted by 
usiu^ a ra(diu»: oousistin^* ot 1 part Portland eemont to 2 parts lino 
agji:regate. pa^'os 2H7 and 425.) 

Thickness of Facing. 'Plu* taeiuL!: should be at least in. thi(-k. 

Colored Facing. -A itiore pleasing appearanee may be given to 
the blook by inlrodueiug a eoloi’cal faeing mixture in imitation ot 
natural !)uilding stontvs. To smmre pcu’mammt r(*sulls colored sand 
or stone should !)e us<al, as mentioned in Ai’t. 42, page 2i)0, but the 
addition ot eoloring mattcu* to tin* faeing mixtures will produce a simi¬ 
lar i‘«*sult as namtiomal on page^ 21)1. 

If eoloring matter is nstnl only mineral eoloring, ratlu'r tlian 
cdiemieal, should be* ns{*<l, as tlu* eh(‘mieal (*{)Iors may injure the eon- 
cr<‘t(^ or fade. Kvc‘n with the* ust^ of any ecdoring matti'r there is 
dangtu’ of tlie etdors fading, and if too mneli eoloring matl(*r is 
addcnl, the str<*iigtli (T the eonen'te itiay lu* atlVeted. 

In using eoloring matt(*r with tin* faeing moii.ar, tin* color should 
always l)e mix(‘d with the* e<*m(‘nt dry, l)(*f()r(‘ any satid or wai(*r is 
added, as mentioni*d on page IlUo, The mixing should l»e tliorough, 
so tlint the mixtiua* is uniform in color. Aft(*r this mixing, the (‘om- 
l)ination is trinited in the same manm^r as el(‘ar ec‘nu‘nt. Ai*t. 15 
shtmld be eonstiltt^tl as to the prop(‘r manner of mixing tlu* mortar. 

In etdoring tin* facdiig rnixtnrt* the wet mortar should lx* eolorcal 
sc*v(»ral shndt»H darkc*r than that desired in the finished face* of the 
bloek, as tin* w(*t mortar looks darker the (^yc* than it r(*ally is, 
owing to the glcwH cd’ tlu* water. Pare must la* tak(‘n not to g(‘t 
the faeing mixture* tc»o tlark, as this will make* tin* eonerc*te lihx'ks 
contrary to nature. All natural Htonc*s are of a light etdor or slnuUs 
and therefore, in making a concrete bloek it Hhould he giveti (one 
ratlier tlnui eoI(»r. 

Waterproof Facing.—Art. 4H Hhould be consult(‘d in this con¬ 
nection. 

Mixing the Facing.— The mixing of fhu* facing is a mon* dedicate 
operation tfian the mixing of tln^ concrete for (Ix* laxly ol' the*, block 
and must he done separately. Tlx* opi*ralion involvc‘s tlu* earc'.ful 
Hcrt‘ening cd’ the fine* aggregate and thc^ aeldifion of tlu* e(‘m(*nt, 
together witli wliatevcn* ectlorlng mattc‘r may lx* Hc*b‘cte‘d. It is e'sst*!!- 
tinl that all the* nuderiid lx* tiiorouirhly mixe<l dry, the cement and 
coloring matter !x»ing first <*are*fidly mix(*d as mentioned above, and 
then tiie mixture Hli^ddly «lampem‘d. 

The faeing mixture sliould be mixed to a dry consistency, as it is 
unnecessary to make the facing mortar as wet as the body of the 
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The tampiiiiv should be done from ilie l)oitom up as llu* mixture 
is filled into tiie mold. The mold should mh 1 h' hail lilhMl he(or(‘ 
beginning tani])ing\ but should be filled layc'r by layer,^ flu* laytu’s 
being of such thiekness ihat liie full I'oree ol lht‘ tamping* blow is 
exerted on every portion ot* the blo(i\. Tlu' ('oiuu'tdt‘ should be 
placed in the moid in layers about 3 in. thick, i’ampiug shouhl begin 
immediately upon idaciug of the lii'st shoNuhlul and simuhl bt* cam- 
tinned until the mold is tilled, care being takcm to tlunmuglily tamp 
each addition but not so as to ])roduc(» litU'S cjf stratification. At 
least four such fillings and tampings should be givmi cundi block. 

To insure a block of the same dcmsity ihrougiiouf, fbe tamping 
must be thorough and should h(‘ continued until water appeals at 
the top of each layer, Mspecial care must Ih» taken to sec* thnf the 
edges and corners are as thoroughly rammed as the cc‘nlc*r of the 
block. In other words, the tamping should be* so rt“ 4 ulated that the 
density shall be uniform in eviu’y pari of tlu^ ldo«*k and rf‘lafivcdy 
o(pial in each block. The tamping of (uicli lay<*r tliorougbly tliat 
the bottom of the block will be of like dmisity with tlie top will 
insure a minimum of air sfiaces and voids. 

The tamping must be conscientious and thorough, and ludesH tin* 
tamping is even and uniform therc‘ will la* soft spot'-i in flu* block. 

The matei’ial should lie lamped with a tampm- having a >mall face, 
and short, (piick, shar]) blows should bt» struck. TIh» tamping is 
generally dom* with Iiand ramnu'rs. Of late tin* taiiipiiig of the 
material by means of power tampers lias conn* e\teiisi\e use. 
Pneumatic tampers, operaical by an air»compressor, an* ined Hiicecf^s 
fully. A single pneumatic tamper possesses no advantage over a 
baud tamper except in speed, force, and, emlnrance 

Oompressing.~Th(' mat(‘rinl, which is of a mediniii we! 
ency, may b(* con(lt‘nsed in the mold by pn‘Hsnrc secured by logvfe 
joints or other mechanism and by hydraulic pressure. In eiilier eiise, 
the mold is tilled and only one pr{‘HHui'e in made on the eiiliie blm-k. 
vent holes being provided for the expulsion c»f iiir, wliioli -^Iioiihl 
never be allowed to close. Tlit* minimum pressure hlmiild be at 
least 350 lbs. per sq. in. of the* fact* Hurface of tli«* block. 

The hydraulic pr(‘SHeH commoidy used give an lilfitiiiile ptesf,iire 
up to 200 tons, and are more accurate than niecliiiiiical |ire,Hse-H. 
the amount of pressure is shown exactly by a gauge ntfiiclied in tin* 
machine, and is the same regardlcnss of the iiniouiil of iiiiiteriiil in flie 
mold. They are, however, slower in action llinti inecliiiiiical piesi-^fs, 
owing to the time recpiired in pumpimr up the cyliinlers, Tlii^ litek 
of speed in operation may be overcome by nioliling Hinenil blnek^H 
at one time, as the pressure can be cddaineil imicli greater tbiiii U 
required for a single* block. 

The mechanical presses are iiKUiilly nited to give eiirb blork a 
pressure of 50 tons, wliich is more than itniple for fbe 
of an ordinary block. With the tigrgle johil tli«» jiir^Hiire 

is more or less indeterminate, depetidiitg on flic iitiimint nf iiiiilerbil 
put into the mold. 

The method of filling the mold ami tlien a|i|»lyiiig tlii* |iie? 4 !iiii '0 
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as iiu‘u! ioiual above is tub th(‘ b(‘st praeliet^ unless tlu* pressure 
is applied to eomparativelv tliin nudds or layers. IT the eoiupres- 
sit»n of thi<*k layers is atteni{>l(Hl, the luatei’ials have a teiuhuiey 
to areh and are not eoinpaet(‘d at any eonsiderable d(‘pth Troin the 
Hurfaee. Thi» twt)"pi(*e<* blo<'k is tlu* most satist'aetory oiu‘ to use in 
tlu* pressure systtun, the haul bc'ina' upplit‘d to the surraee ot pit'(*es 
having' iw ^o*(*at thi(*kness. The one»»pieee bloek, however, ean be 
inatle by the pressure systcun. 

Pouring, hi the (*ondensation method known as pouring, a wet 
mixture is pmiretl into a nudd ot nudal or (d’ sand, and the inalerial 
allowetl to eondeuse by its own seltleuumt; that is, it is allowed to 
at Inin a mininium vcdunu* by i^ravity. The oiu^-pieei* blocdc is the 
bliH'k usually usetl in the pouriny: system of work. 

The iiiiiterinl should lu^ mixml so wet that it is easily poured into 
tin* nudd ami readily aecjuir(»s tht‘ form thereof, tht‘ mold bcdn^y: tilled 
in oiu» pouriny if si/.c* p<*rmits. Tlu‘ matm’ial should remain in the 
nudd until it irains suflieimit riitidity to maintain its shape without 
support. 

(Ireat earc» must be taken to sta* that the mold is eompletely tilled 
in all parts, and partieubuly in the nny’lc‘s and eorners, and that no 
air tildes are in the material. The mixture must hi' thoroughly stirred 
and eliurned or puddled (see Art. *25, pa^e 2l)d) to (dimiuate air voids, 
prevent lUTfiiiiir and fill eompaetly euniers and edm'*^ <d’ the midd. 

Tlie pouriiif^ proi^ess is mueh better adapted to ornamental eon- 
erele tliim to eotierete huihliny: hloidis (see Art. 5d). (’oneretc* orna- 
inents are UHtudly iniinufaetured either in sand molds or in plaster 
nitdds, in whiidi ^lue neynftv<*M are usihI if there is t<i he* an uudereut 
in the ornamental parts. 

KEMOVma OONOEETB BLOCKS (OFF^BBAKIFO) 

The delivery of a bloek and its ofT-hiairini^ may secun to la* mat¬ 
ters tliiit are toe ti'ivia! to deserve speeiiil iitHlruetioiiH; ycd. hloeks 
lire very often injured by jars in handling, espeidally in taking out 
of tlie mold iiml in setting in racks, also on ears running on a rough 
truck. 

SfEsitiTiUiiE of Freihly Molded Blocks.— Tlie olT-hminn* may ho 
ffireless iil times, hut very often he is reipdrcal to carry ii block 
wIioHc weight, while not hf*iivy in an ordinary senme, is too lieavy to 
be litinilicil with the care due to frt*Hldy made hltick. A dry mixturci 
block mlieti taken from the mold lias no cohesion (‘xc<*pt the tamping 
ilmwity and han t<» he removed and handled with great carc» to 
prevent injury. 

The iHunt to hear in mind is that a freshly molded concrete block 
k very sciisiltve and the nec'essity of adapting the discharge and 
hiimlling to tlik iveness, so that the block will not ho Injured 

in liny way before ttie initial set, 

Oracki, and Damaged Corners or Arrises.— The liloek must bo 
rertioved from the mold f!ie etiring skids without craeking ii or 
iiijitriiiir corners or arrises. It m in the carekwH removal of ibt' bloek 
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from the mold that corners are knocked off, lluit paltdit's art^ pulled 
from the face, that incipient cracks ar(‘ startc»h and that vat'ious 
irreparable injuries are doiu‘ to the* block. 

Arrises and corners, if not badly (lainauHHh can bt* n^paii’id, but 
a block which is cracked cannot be satislaclorily n'paii’tMl; it should 
be broken up and the material thrown back and moldisi ovtu*. 

The faces and ed.u’es of blocks should show tio marks of (Munemt 
sticking to molds or of careh'ss marriinj:. 

Eemoving Molds from Blocks.—Tlu* mold must not la* remo\a*d 
until the concrete has thoron.ejdy set and is strou.u’ c*n<»ui*{i to do 
without the support of the mold. 

The time of safe removal of the block will depend tip<»n the con¬ 
sistency of the mixture; the size, shaf)e and wc'i^iit of the bhadi; 
weather conditions and other factors (s(‘e Art. Hh pap' 21o). 

A block can be removed from the mold as scam as fht^ cement 
has set if care is taken, but the block cannot be handled for mmw 
time, depending on conditions. 

Eemoving Blocks from Platens.— Tim bh>cks Hlumld bi» reimned 
from the machine or mold on a stec*! plal<* or pallet. All lib>ck’*i madt* 
by the medium wet or medium dry process slioiild rcmiiiii on tbi* 
pallet or platen at least twenty-four hours. Tiie lilock sIhuiIiI be 
removed from the platen by tipping it onto a wind or a Hiiwdiinf 
cushion. Care must be tak(‘n to loosen the platen by tupping i! 
lightly and not by prying or wrencldng. 

ouBiisra ooNOEEra blocks 

After molding the tiext process in the proper maklinr of cmicrcti* 
blocks is the curing by which is meant more than iiidng, and %muv- 
thing that is entirely ditTerc*nt from drying. The iiiobliiig of flu* 
block is only the initial process of its nianufiicture. The curing 
period, which follows, is tlie most important in flit* liiiiiiiifiictiin* of 
concrete blocks, and is the most critical period in ilHciiiiitiiiig tlii* 
quality of the finished block, being tlie crilicnl stage of IriiiiMruriiiit 
tion in which a mass of cement, sand, gravid or firotccii stone, mul 
water becomes a hard, dense, and enduring unit fur liiiiblliiir 

purposes. 

The greater emphasis must be plactsl on ciiriiip liofiitisi* it h nn 
easily slighted. Many block makers consider ifiat tlie lilurk k tiiitilc 
as soon as it comes out of the mold and very little fitleiitifiii ghfii 
to the proper curing of it. A Idock badly ciired mill !imi^ nil tlie 
good qualities imparted to it by careful mamifiicliiri*. 

There is a common belief thnt lilocks be iiliowe,! to dry 

out for a week or two after molding. TIdw tiofif»fi 
for the essential element in curing is niowfiire, but 
is governed by certain conditionH fimt must lie ciircfiilly 

Concrete blocks may he* cared by wafer or liy gfciifii, tli« miiirr 
curing requiring very special care. 

Protection from 8nn and Wind.~Blockf4 mIioiiIiI be itioliicf mill 
stored for curing so that they cannot be acted by lilrifisl 
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of the sun or by warm air eurrents. It is absolutely necessary to 
protect the blocks from both sun and wind and during the sprinkling 
period. In general, the whole idea of curing may be summed up in 
one word—Uniformity. Under no circumstances should blocks be 
made under the direct rays of the sun, nor should blocks be exposed 
either to sunshine or dry winds while curing. Exposure to sun and 
wind will ruin the appearance and impair the strength of the blocks. 

Blocks as soon as taken from the molds should be placed in a 
curing room or shed, which should be built so as to exclude all sun¬ 
shine or draughts of air, as uniform conditions and protection from 
the sun’s rays are equally necessary for all blocks. Ample curing 
sheds must be provided to care for blocks until they cease to require 
sprinkling. In case this is not convenient, the blocks may be carried 
outside after setting and covered with canvas, straw or other cover¬ 
ing that will preserve the moisture and shield the blocks from the 
sun and wind. 

Blocks exposed to the sun or to warm air currents, causing varia¬ 
tion in contracting of the face and thus producing hair cracks, 
should not be accepted. 

Protection from Sudden Temperature Changes. —The blocks must 
be stored for the first few days wliere the changes in temperature 
will be as slight as possible. (Vazing or hair cracks appear on faces 
of blocks because blocks are subjected to changes in temperature 
before the surfaces are fully cured. 

Protection during Freezing Weather. —The curing of blocks in 
winter has presented a i)rol)lem so serious that many plants have 
ceased to operate during freezing weather. This, however, is unneces¬ 
sary, if the curing sheds be heated by large stoves or salamanders 
as described in Art. 33 or the blocks covered with manure, straw, 
etc., mention(‘d in the same article. 

Blocks should be protected from freezing for at least a week 
after molding. 

Stacking Blocks for Curing. —Green blocks should be stacked for 
curing in a horizontal position on unyielding supports and so as not 
to touch or to bring any weight on adjacent blocks. This may he 
arranged by fdacing lath between them, the idea being to prevent 
discoloration by contact and to insure a free circulation of air on all 
sides of each block. The blocks must not be allowed to rest against 
one another, as it is absolutely essential that a free circulation of 
air be allowed around them, lath being placed between the tiers of 
blocks. 

Sprinkling Blocks. —^It is very important that the block be con¬ 
stantly, uniformly and adeciuately moistened during the curing period 
that follows its molding, so that the final set may take place under 
the most favorable conditions, thus insuring the greatest strength. 
A block must cure uniformly. 

Plenty of water is absolutely necessary to tbo process of setting, 
and the block must be kept thoroughly wet in order to secure that 
thorough crysttillization essential to ultimate strength. The primal 
requisite in proper curing is water and plenty of it. The process of 
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setting or hardening in the concrete goes on for a great many days, 
and crystallization, upon which depends the strength of concrete, 
cannot go on without the presence of a sufficient amount of water to 
supply moisture to all parts of the block. Apply water in abundance. 

The sprinkling, particularly while the block is still soft, should 
be done by means of a gentle spray from a hose nozzle which will 
not ^ffivash^^ the concrete. A hose and spray will reach the blocks if 
piled as specified above. In large plants, the introduction of pipes 
fixed over the blocks will eliminate the expense of a hose tender. 
Blocks should be freely supplied with water by sprinkling. 

In summer the blocks should be gently sprinkled as soon as pos¬ 
sible after making without being defaced; that is, the sprinkling 
should begin as soon as the cement is hard enough not to wash, 
usually from 3 to 12 hours after molding. No stated time can be 
given for sprinkling, as all depends on the atmospheric conditions. 
Some days it can be begun in two hours and at other times five to 
ten hours must elapse before the w’’ater can be safely applied. The 
sprinkling should continue for at least ten days. 

Blocks should be sprinkled at regular intervals and so frequently 
that no drying takes place. They should never be allowed to become 
dry or turn white during curing. In other words, a block should 
never be allowed to dry out on the sides before the center is thor¬ 
oughly cured. The block must be kept uniformly damp in every 
part and at all times, a gentle spray being used to reach every part 
of the block. The slower the drying of the block, the harder and 
touglier will it become. An early drying of the block, on the other 
hand, will have a tendency to dry out the corners before the initial 
set is fully completed, leaving them with little strength and likely 
to emmble at a touch. To avoid this early drying out necessitates 
sprinkling so frequently that the edges of the block will not become 
partly dry, for if the concrete dries out immediately after making, 
the action of the cement is deadened and the edges and corners 
are weak and crumbly. 

As soon as the surface of a block begins to turn white it is a 
sure sign that it needs water. Too much water cannot be used. 
Sprinkling should be done regularly and in proper amount. No set 
rule that will govern all conditions of climate and temperature can 
be given. The hotter and drier it is, the more frequent must be 
the sprinkling, usually three times daily for the first week or ten 
days. A sand floor kept thoroughly wet may be used to insure a 
damp atmosphere. The blocks should preferably be covered with 
some material that will serve in a measure to retain moisture. 
Canvas, clean hay, or straw will usually answer the purpose. Any of 
these materials will maintain a uniform condition of moisture in 
the air immediately surrounding the blocks. (See page 336.) 

Concrete blocks, if molded with a medium dry mixture, should 
be kept saturated by constant spiinkling for a long period after 
molding, owing to not having enough mixing water to enable the 
cement to set and harden perfectly, and this deficiency has to be 
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.’Supplied by sprinkling. Plenty of water for at least ion days is 
what the blocks need after the lirst sprinkling is given^ in order to 
receive the proper curing. 

EIEoreseenee or the appearance of a white or yellowish coating 
on a block sometimes takes place Avhen it is periodically saturated 
and then dried out. Blocks placed directly on the ground are most 
liable to show this defect. This efflorescence is due to the diffusion 
of soluble sulphate and alkali to the surface, and will usually dis¬ 
appear in time (see Art. 31). 

Blocks treated with varying degrees of moisture, causing varia¬ 
tion in contracting of the face, and thus producing hair-eraeks, 
should not be accepted. 

Curing Period for Blocks. —The duration of the sprinkling period 
depends on the consistency of mixture used. It should never be less 
than one (1) week, and from that to about three (3) weeks. 

Blocks made by a dry mixture should be carefully sprinkled for 
about 20 days. Blocks made from a medium mixture 7 to 10 days. 
When a wet mixture is used, little water will be necessary in curing, 
but uniform conditions must bo maintained and the block sheltered 
from the direct rays of the sun and from hot air currents as men¬ 
tioned above. After the sprinkling has ceased the blocks should be 
exposed to the atmosphere and allowed to age several weeks longer 
before going into the building. 

Freshly made blocks should never be used in a building, as they 
shrink considerably. Blocks are often rushed into the wall too 
quickly, and careless handling mars their appearance. If they are 
built in a wall while green, shrinkage cracks Avill be apt to occur in 
the joints. The blocks should be cured for at least 30 days before 
they are removed from the storage yards for use in buildings. Blocks 
generally shrink about 1/16 in. in length during the first month of 
the molding. This shrinkage would cause cracks in any finished 
structure erected with green blocks. 

It is well to bear in mind that the longer a block is cured, the 
harder and better it will become. 

Steam Curing. —Where steam curing process is to be employed, 
rooms should be provided which can be closed up fairly tight and 
exhaust steam or live steam turned on from pipes running under the 
floor. Dry steam should under no circumstances be used. 

The blocks should be kept in moist air for at least 24 hours after 
molding, when they should be placed in a moderately tight room 
into which exhaust steam of low pressure is turned, not more than 
5 lbs. pressure being used at any time on the pipe conducting this 
steam. The blocks should remain in the steam room for at least 
36 hours, after which they should be thoroughly sprinkled with 
water and properly protected from the sun and wind for a further 
period of at least 48 hours. Curing by this method shows results 
equal to 10 days by sprinkling, and the blocks are usually much 
lighter in color. Warmth accelerates the setting of the cement, and 
the steam supplies enough moisture for a perfect crystallization. 
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Steam enring not only faeililates winter work, but effoets a 
considerable savinj^; of storai^’O room, beeause ot the Hhorter time 
required to protect the blocks. 

Blocks subjected to a steam bath as dc‘seribed above can usimlly 
be used after 4 or 5 days. 

Preparations for Hardening Blocks Quickly.—The*re are now 
several preparations on the marked, for hard(‘nin.ir eouen*fe blocks 
quickly. The composition and mode of action of these* pn'parations 
should be fully known before they are used in important work. If 
the substance acts by setting** up a favorable cbemieiil aeti<m and 
crystallization and hastening!: it, tliere can be no obj<*ction to its 
use, provided, of course, there is not a future reaction. On the 
other hand, if the action is produced hy a duunical which nltinmtidy 
produces a disintegration of the cementing substanccH In the con- 
cixte, then the ability to handle blocks (piiekly is gaiiH*d at too great 
a cost of reduction in durability to warrant the use of such a sub¬ 
stance. Some of these substaticeH also contain matterH winch are 
soluble in water and produce efllorescence (nee Art. Ill) and 
discoloration. 


STAISTDABD METHOD OP TEBTIHa 

The following methods of testing eonerete IniihUiig lilock^i have 
been taken from the Standard SpecificationH f(»r C'eiiieiit Ibdhiw 
Building Blocks as adopted January, 11)08, hy tlie Nfitimiiil Ah«o- 
eiation of Cement Ufiera, {Ouhuhdphia, ITnnHylviinia. 

Approval Tests.— All tests recpiirtMl for appro\al slmll lie niaite in 
some laboratory of recognized standing, under the aupervi^hm of 
the engineer of the bureau of building inspecticm, or tfie iircliitect or 
engineer in charge, or all of these. The inaniifactiirer iiiiiy hii 
present or represented during said tc*sts, if he «ci cteHire^. Approval 
tests are made at the expense of the applicant. 

Samples or Test Pieces.— For the purpoacH c»f the iit least 

twelve (12) samples or test pieces must he provitlccl. Hucli i^fiitipleii 
must represent tlie ordinary commercial pnaliict aiiit nitty lie selected 
from stock by the bureau of building inspeciioti, or, in I lie iiliwmce 
of such a bureau, by the architect or engineer in charge. Tin* Kiiitiplei 
may be tested as soon as desired by the applicitiil, Init in tm mm 
later than 60 days after manufacture. 

In cases where the material is madis and iwed in or 

forms too large for testing in tlm ordiniiry miicltttiei, wtiiilltir f4ir4iil 
specimens shall be used as may be directed. 

Weight per Onbic Poot of MateriaL-^-4n adilition to flte 
required for approval, the weight per culiic foot of the iniileriiil miwt 
also be obtained and recorded. 

Manner of Making Tests."— -Tests shall be itiaile in of at 

least three (3), except that in the flr«i a Miriw of |wo {fiiiir 
samples) are sufficient. 

Transverse tests shall be made on fiilbiiiKwl nfiinplrii, Hulf inm^ 
pies may be used for tlie crusliing, freezing and lire imtn, Tltt 
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remaining samples are kept in reserve, in case duplicate or confirma¬ 
tory tests be required. All samples must be marked for identifica¬ 
tion and comparison. 

Transverse Test. —The transverse test shall be made as follows: 
The samples shall be placed flatwise on two rounded knife-edge 
bearings set parallel 7 in. apart, A load is then applied on top, 
midway between the supports, and transmitted through a similar 
rounded knife edge, until the sample is ruptured. The modulus of 
rupture shall then be determined by multiplying the total breaking 
load in pounds by 21 (three times the distance between supports, in 
inches) and then dividing the result thus obtained by twice the 
product of the width in inches by the square of the depth in inches. 
R == 3WI/2bd2. No allowance should be made in figuring the modulus 
of the rupture for the hollow spaces. 

The modulus of rupture for concrete blocks at 28 days must 
average 150 and must not fall below 100 in any case. 

Compression Test. —The compression test shall be made as fol¬ 
lows: Samples must be cut from blocks, so as to contain a full web 
section. The sample must be carefully measured, then bedded flat¬ 
wise in plaster of Paris, to secure a uniform bearing in the testing 
machine, and crushed. The total breaking load is then divided by 
the area in compression in square inches, no deduction to be made 
for hollow spaces; the area will be considered as the product of the 
width by the length. 

The ultimate compressive strength at 28 days must average 1,000 
lbs. per square inch, and must not fall below 700 in any ease, accord¬ 
ing to the specifications of the National Association of Cement Users, 
as mentioned at the beginning of this section. Some specifications 
require that the minimum compressive strength of any block shall be 
1,600 lbs. per square inch of solid material subjected to pressure in 
the testing machine, and the average compressive strength of any 
series of blocks tested shall not be less than 1,800 lbs. to the square 
inch of such solid material. 

Absorption Test. —The absorption test shall be made as follows; 
The sample is first thoroughly dried to a constant weight, at not to 
exceed 212® F. The weight must be carefully recorded. It is then 
placed in a pan or tray of water, face downward, immersing it to a 
depth of not less than 2 in. It is again carefully weighed at the 
following periods: 30 minutes, 4 hours, and 48 hours, respectively, 
from the time of immersion, being replaced in the water in each ease 
as soon as the weight is taken. Its compressive strength, while 
still wet, is then determined at the end of the 48-hour period, in the 
manner mentioned above for Compressive Test. 

The percentage of absorption (being the weight of water absorbed 
divided by the weight of the dry sample) must not average higher 
than 15 per cent and must not exceed 22 per cent in any case. The 
reduction of compressive strength must not be more than 331/3 
per cent, except that when the lower figure is still above 1,000 lbs. 
per square inch the loss in strength may be neglected. 

Freezing Test. —The freezing test shall be made as follows: The 
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sample is immersed, as d(‘seril)ed for Absorplioii Ti‘st, lor nl^ h‘nst 
4 hours, and then weijLihed. It is I hen phuHMl in a I re(*7.in.i;’ mixiura 
or a refri^'erator, or otherwise suhjt'eted to a tiaupio’allire of h‘ss 
than 15"^ F. for at least 12 hours. H is (lien removed and plaei^d in 
water, where it must remain for at lensi om^ hour, tlu‘ tmnpei'ature 
of which is at least 150° F. This opi'ratioii is r<‘peated t(*n (10) 
times, after which the sample is a^‘ain wei.ulu‘d wliiU* still we! from 
the last tliawina^. Its crushin<** strentcth should them Ih' dthmauintul 
as called for in the section above on Compression Test. 

The freezinii: and thawing* proeexss must rH)t canst' a loss in vvinirbt 
g-reater than 10 per cent, nor a loss in strength of more than llll 1 .1 
])er cent, except that when the lowcn* figure is still above 1,000 Ilw. 
per square inch the loss in strength may be neglected. 

Fire Test.— The fire test is made as follows: Two Hamfdes are 
placed in a cold furnace in which th(‘ t(‘m[)c‘rature is griolimlly mist'd 
to 1700° F. The test piece must he suhjeeltal to this temperature 
for at least 30 minutes. One of tin* sanqih's is then phuigtal Into 
cold water (about 50° to (50° K.) and the n‘Hults noleth Tin* stsstml 
sample is permitted to cool gradually in air and the n‘snlts mdetl. 

The fire test must not cause the maltn-ial to tlisiniegrale. 

LAYING- OONORBTB BLOCKS 

The proper placing of concrete blocks in a wall is just as impor¬ 
tant as their proper manufacture, as it is a facUn* that dtdermines 
the ultimate etilcieney of this class oF construction iiml wIioHf neglect 
operates to vitiate every good cjuality of well-miuif» concrete lilnckH. 

Composition of Mortar.— The mortar for laying nmcretti liIoekH 
shonid be composed of 1 part Portland cement to 3 parts of emuw 
sand. Somcitimes a cenfain portion of slaked lime or of eiimiiierciiil 
hydrated lime Art. 48, page 428) is addetl to tin* iiinrtitr when 
mixing. If this plan is adopted a mortar (Hinsisting of I pari Port¬ 
land cement, 1 part of thoroughly slaked luul pulverised lime, iiml 3 
parts of sand should he used. This will prevent tlie mot fur from 
becoming Brittle, making it sprcuid well and work eiwily iiiider the 
trowel. (Sec^ pages 394 and 522.) 

A relialile waterproofing compound may !k< added to iiioiTiir for 
laying concrete blocks (see Art. 4«8). This will prevent titiimhiro from 
penetrating a wall at the mortar joints. 

Very often ordinary lime mortar in used in laying lilorkii wliirli 
is so commonly employed in bricklaying. Tliia |iriietire mIuiiiIiI he 
avoided. 

Thickness of Moitar Joints.-— The concrete Idock^ ulioiild he hiid 
in a %-in. bed of cement mortar and a kiy***' of liiorliir plitred 

between the ends of abutting blocks. A large niimher of CMiirretc 
block buildings upon close inspection sliow^ joints varying fnirn 
than to more than 14 in. Tliere h no vaHd excitue for 'Oii'li 

variations, as the joints should he of uniform fliickiie^^i tliroiiglitmt 
the wall. 

Mixing Mortar.— Only such quantities of cement ttinrfar mIioiiIiI lie 
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inixiMl at a tiiao as uiii hv iis(‘(l within 30 ininuic's, as it starts to 
hanlon vt‘ry soon aftc'r inixin.u'. (Sih‘ Art. 15.) 

Laying Concrete Blocks. It should h(‘ i-cmeinbered tiuit it is 
ntHn*ssary in all oasos lo immorst* (lie blocks in water inmunUaiely 
before layinir, so that tluw will be tliorou.a*hly wet wluni laid in the 
wall. Oliierwise tin* dry surface of the lilock will absorb nioisiure 
from the mortar, mnkinf^' it very weak and easily penetrated by 
watm'. It is very imptniani that tln*re should be a (irm bond Indwt'cMi 
the bltndvs and the mortai’t wliich can only In* accomplislunl bv 
drenciiiiii^ the bloeks with water just before laying them; otherwise 
the result will be ‘‘dead’^ mortar in vvliicb the cement is only patily 
crystallized and no adln'sion, 

Ilefore layinjc the first layer of block the top of the foundation 
must Ihi ciirefully leveled up if it is not so already. 

The courses sliould hi'i^iu at the eormu's and lie laid toward the 
middle of the wall 

TIh^ hloeks must be laid level and kept in perfeet alignment, iii 
order tt» seeurti aliiriiment the blocks should he* laid sirii'tly lo a 
line strefchetl over the ouUn* edj^e of the wall on the* saun* h‘vc‘l with 
the tt»p of the blocks hein|r hud, Tlie wall should In* t(*st(‘d ot’li'n 
by ptficiim tlie plumb level amniist it to sec* that it is p(*rpendicular. 

Foiiitini^ Hhould be dime the same way as in layin^^ onlinary 
brickwork. 

C are miwt be taken not to nllinv any mortar to rim down on 
tliii face of the wall, imleHs a non^Htainiui? cemcnit is used. 

C oiierele b!ot*k« Hboiild be moldc‘d to fit in their dt‘Htini*d place 
ill the bidldinm OlhmaviHe, it not only wastes blocks by eniting 
theiin ami fakes entirely loo much of tln» masouV (inn*, but n'sidts 
in poor workmiuiHhip, as tin* pieces iieviu* fit as W(*Il as a block made 
ft»r tlio place. Freshly niatle hhicks may he cut with a lar‘:e knife, 
if only ft few bloeks of a special size are wnnicMk 

Art. 56. Concrete Pence Posts 

A eoiicrele fence po?^{ may hi* consfruclcd in advance and put 
in place lifter it IntH prt»perly hardened. Fonts may also he* moldf»d in 
plitee, blit llie b*iii*lli of lime wfiieli tliey must staml before^ the 
reimniil of the fotinn reijutrcs the use of a large number of forms, 
posts of the **e»iHt iiml-phiee” type only wilt be eonsi<len*tl in this 
lirfiele, most of thi* ifisfrnetituw or direetions are applicable 

to |ioM|a iiiotdsal in pliiee. 

It i« etisfoiiiiiry to make concrete posts slightly larger than the 
m’oodeit fKwta wliieli woidil be useil for the same purposes. Tiny 
aril tmiiiilly iiwide %vllh a square or rectangular eross-Hc»etion, ns posts 
of emm aeefion iipproiteliiiig a Sifnare form are easiest made and 
liiont siiitftble for f«*tteiiim Tim si/.e may hi* 5 or Cl in. square* at the 
liolfoiii mid 4 or fi ill. sc|iuire at flit! top, the avc»rage enms-seetion 
ladiig iiboiit 25 sq. im The length ilepeiulH upon tim height ileslred 
ftliiive ift'oiiifd, noil the limoniit to be* pfaeetl under greunid <lep(*mls 
ttpoii tim depth of tlie frost line, which w sono'times 3 or 4 ft. For 
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farm or division fenoos tlio loiijulh of pt.sls may l)«‘ aboni 7 f{., 
allowinjG: 3 ft. of lliis to sot into the ground. 

Various methods of reinfoi’einjj;’ fenee posis art' in ust' and rt'oom- 
mended by the various manufaeiurt'rs, dt'pt'ndiny on what is most 
easily and eeonomieally available. Tlit' ndnforetnntmt should ht* 
stronjx, li^ht, and rou^’h onou^’h to ])erniit tht‘ tiiixture to ind a firm 
grip upon it, being at the same lime very rigid, with little ctr nt» 
tendency to spring or sirt'ttdi. For ordinary eonditiojm, wirc» or liirlit 
rods may be used, one rod being plaetal near eatdi ecu’Ut'r, This is 
probably the most eilieient arrangerru'nt. rsually ^ j-iii. rods are 
placed in each corner. Scrap iron may often be used io advantage. 
For posts where a dry concrete is used, it sc*ems advisable to une 
some sort of mechanical bond between the reinforcing and the 
concrete, i. e., a deformed bar. 

Concrete Materials.— Extra precaution Bhonid hv used in the K<*b»c- 
tion of materials for concrete fence post construct ion, as it is desir¬ 
able that the post be made as light and as strong m posnihle. Cbdy 
the best grades of Portland cement should be uHe<b and tliey j^lmubl 
comply with the Standard S[)eciticationH of tin* American Sucicfy 
for Testing Materials, adopted June', together with stilwtapuiif 

changes and amendments. (See also Art. 4, page 43.) 

The sand, gravel or brokem stone and water sliould comply willi 
the recpiiremcnts stated in Arts. 8, fl, 10 and 12, Tin* ptdiblcH or 
broken stones should not !)e too large, as tliey will inlerfert* with 
the proper placement of the rt*inforeement. Sttme or gra\cl Hltfinbl 
pass a %-in. square mesh. Soft sandstone, soft uv 

shales must be avoided. Granites, hard limesfones and eli»iiii grint-l 
are the best. 

Proportioning Concrete.— The concrete slamld lie mitetl with 
Portland cement in about the proportions of 1 ;* :rn gnivid or 

broken stone under % in. being used. In eiiHCti where the aiigregate 
contains pieces smaller than % ^and may Iw iweil, ninl in 

some cases it may be omitted altogether. Hornetlmea wiiul find emiieiil 
are used in the proportions varying from ! :3 to 1:3, Itiif it Intter 
practice to form a true concrete in tlie proportions iiieiitioiieil iiltnve. 

Mixing Concrete.— A mixture of a wet consist laiey reeniiiiiieiideil 
on the ground that it fills the molds better am! witli hm fiitiipiiig 

tlmn if mixed diy. Posts made of we! eonerede lire Kiiid In lie n 

little over 25 per cent stronger tlian tamped |io»ts of the sitin#^ mm\ 
mixture and reinforcement; they are also betf 4 »r iihlti to wiflHfiitnl 
the action of frost. 

T)o not mix more concrete tlmn can be wed in 3(1 iiTiiititen, For 
methods of mixing concrete, see Art 15. 

Forms for Pence Posts.— frosts may be molded either in n verfieit! 
or horizontal position, the latter being the Kiiiipler iiinl liidfer itiidliinl 
and is the one most nsed. A^rimw molds have lieeii riifiili'^ aiiil itre 

on the market, all of wliich appear to be more nr ^iitiifiiefnry. 

Forms are easily made singly or so iw to multi Severn! |iiwti 4 at 
once. Sueb^forms may consist of fwe end |iieee« Imviiiir lifitelic'^t 
which hold in place the longitudinal iKiarda, erctii.s»-|itei*« nr iuailc^K 
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provided to i)r(‘vent the loni>’iludinal pieces from To 

avoid sluu']) ed.aes, whieli airt^ easily eliipp(*d, Irian,U’ular or beveled 
strips may l)e placed in tht‘ bottom ol' (‘uch mold alonji: the sides, 
and when the molds have bcnai (ilh'd and propei’ly leveled olT, similar 
strips may be inserted on top. It is not necessary to carry the bevel 
btdow the <»’round lin(‘. 

Care must be takcm to provide a substantial platform or moldin<>: 
bed for the posts in a matnier similar to that described on pa^m 559 
for concr(dt‘ piles. 

Reinforcing Fence Posts.— The reinforcement should be placed in 
tlie post as lunir ilu* cormu's as })ossible. In order that the r(‘inforce- 
nient may be pi*operly held ami protected by tlu^ concrete, it should 
be placed from % to 'H from each side. 

Attaching Fence Wires to Posts.- To i)rovide a means for fasien- 
inu’ the tVnee win’s tlu* simph’st and most satisfactory method is to 
nsc’ a lon^ staple or heavy lamt wir(’ well c‘mb(‘dd<’(l in the concrete, 
tadtiir tvvistc’d or land at the (uul to prevent (‘xl raction. Care must; 
In* tak(‘n to see* that the stafdes or bent wires are put in (hedr proper 
positions wlum the eonerete is plac(‘d in th(‘ molds. For other nK’thods 
of fastening fenc'e wires to posts, see paire 547. 

Concreting Fence Posts. (Jlaait care in tamping or puddlini^^ is 
iiect*HHai’y to insure the cornc’rs of the mold bein^^ w(41 tilled, and 
if tills detail is not candhdly watched, the rc‘inforc(unent, Ixung 
expoHC’d in plac(*s, will be subjc’ct to rust, The wire’s or reals must 
in all cases be» well ceivenal at sides anel emls or they will corrode, 
'idle eamcrete must be» thoroughly compacteul. 

Removing Perms from Posts.— If a dry concrete lias alreaely 
been uscsl, the emls and sieles of the irmld may bei removeel imme^- 
iliiitely; if tlie concrc’te was wet, the ends anel sieh’s should remain 
in plaee' about 24 hours. 

Removing Posts from Molds.—Posts may be removeal from the 
inoldn a day or two after beiu^t maele. In remeivin^ the' jHiHts from 
the meilels »Teni e'lire must be taken not tei allow the posts tei sa^ or 
crack. Creen pewts .Hhenilel not be carrhal on the palU’ts or meildiag 
beeln by titkin| 4 ‘ hold of the’ ends, as the sprirwr^K board mig'ht 

bri»ak the hcmelinir in the midelle, thus causing eledVcts. A pewt may 
Im erackeal in handlin*? ami still be tit for service, but it cannot be 
eotwidereal to be as valuable as an uncracked one. Cnrt^ must be 
used in Iiamllinir a^'nen posts, or crackeal posts will re’Hult, Careless- 
ticMs in liamlliuir ^reen posts freepiently rc’HuUs in the formation of 
fine cracdcH, whiedi, (hou«rh tinnedicaal at the time, give evidence of 
tlieir presence later in tlie failure of the posts. 

There are two general metliods of removing th(» ptmts from the 
iiiolds, Tlie first imdhod etmsists in laying the molds with the posts 
in them on a levcd bed of saml or sawdust. The mold is then turned 
upside down and the post allowed to settle into the sand or Hawdust, 
The mold is next removed and the post allowed to remain undisturbed 
for Hcvertd days. When the post is Hullicienlly Btrong it is placed 
in an upright position, to lie cuiaal as descrihtal btdow. 

The second method consists in removing the posts from the mold 
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while in uprig’lil- positioiij the post lK»inir allowcnl tt» h*an injaiuH 
a wall or some other support. Jn this rase only oiu* liaiullinir ii 
necessary. Care must be taken to have the Ixhtom of the ptwt eIoH< 
to the wall, as it is very likely to break if not in a vt*ry near!) 
iipriji:ht position. 

Although a post may be hard and apparently strcjp.tr when a weel 
old, it will not attain its fall strenj^^th in that length of time, am 
must be handled with the utmost care, otherwise a eraeketl post wil! 
result. 

Curing Fence Posts.— For at least a week aftm* Imiiiic removed 
from the molds the posts should be thorou.yiily wet tltiwii twiee ii dity, 
and ill summer protected from the sim !>y tarpitnlins, The 
favorable conditions for eonservimr the moisture eormist in eiiriiiii 
the posts in a shod where the wind does not strike tiiein, rinler 
these conditions neither the sun’s rays nor the wind Inm n rlijiiire 
to dry out the posts too rapidly. Posts are sometimes re«|nlrei| to 
be sprinkled every day for at least ,'iO days after ladiig removed 
from tlie mold. (See pages 335 and 53B.) 

If possible, the posts sliould not be s«‘t until tliey are itlioiif 2 
months old. 

Handling the Posts after Curing.— After the pmiH are eiirnl find 
ready to set they Blioiild be moved from tlie yard or etiiiiiir ^hed 
and hauled to the fence line in a wagon liiiviug a wtroitii, riniil lied, 
the bottom of the wagon being covered with a layer of f4triiw to 
prevent breakage. Not more than three or tmr hymn of 
should be placed in the wagon, depending upon nifit! eoiiditiiire-!. 

In handling and setting, care must be taken not to ilriip I he 
It must not be expected that a concrete post will »liiiid the denree 
of rough handling which can be given a wootlen |io»t. Home degree 
of care must be used in handling them, or enieked will rwitlf. 

Tlie weight of tlie post places unnecessary stresfi tiimii tlie ilifereiit 
parts, and in case it is dropped there is danger of it lieiiig rriiekeil nr 
destroyed. 

Methods of Pasteuing Pence to Posts.—Viirimm ilevlren liavt* hmm 
suggested for attaching fen(‘e wires to concrete fawtn, liiit iIiphi* ure 
mostly patcmted. The object of these devices k to secure it 
and permanent fastener or one admitting of miny reiiewiil it itfiy 
time.^ A few of the various methods of fastening tli# fimeii l«i Iti# 
post in use at the present time are as follows; 

A piece of copper or galvanized wire may Im' litlil mmm tiio fiice 
of the post at the proper space about 1 or 1% Im wid |irii. 
jecting from either side several inches. Tlinse ends are Iwiwtrd iiliiiiit 
the fence wire and will hold it in place. Hlioiild mie etid lirciik wil It 
many changes of twistingand untwisting, the other k left for two, 

Holes may be bored at the proper placiis in tlie to rrirrc* 

spond to the spaces of the wire and so as to be in tlie iiiiiltilc iif llie 
posts. Into these set Vi-in. ptm; build iroitrifl flieni; rciufire ilntit 
when done. Through these flm wire can be sfretclicib or flic Imlm 
may receive long wire stardes wliicli diiicli at the bticl of tlie mmt 
These staples can be replaced at any tlnici. 
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Another method etmsists oL‘ a lie wire passed around the post 
and then twisted tightly around tlie longitudinal ieiiee wire, grooves 
or eorrugations being made aeross the face of the post at the proper 
spaees for the wires. That is to say, the fence wires are secured into 
these grooves by passing a wire around the ba(d< of the post and 
twisting it. 

A variation of the above method consists in using one continuous 
binding wire instc^ad of a number of short pieces. The advantage of 
this and the above method is that the position of the ties does not 
have to be (hdermined in advance (unless it is desired to make grooves 
or corrugations on the face of the pile), but may be readily shifted 
to suit any position of the fence wires. 

Iti anotli(‘r niethod, holes arc made in the concrete into whieli wires 
are insculed. These wires are them carried to the front of the post 
and wrapped tightly around the longitudinal fence wire. 

Still anotlu'r method is to take a No. 12 wire and with wire 
])incerB bend loops into the wire e.v:tending out from the line of the 
wire al)out IV 2 ii^«j theH(‘ loops being properly placed to I’eeeive the 
fence wire. When the j'oi'm is tilled within an inch ol; the top this 
wire is placed along tlie miildle ol! the face, with loops extending: 
])aHt th{‘ surface of the face about in. This is then l)uilt in with 
the last inch of the ctmerete. 

A variation of the above method consists in tising long staples or 
heavy bent wires w(dl embedded in the concrete, being twisted or 
bent at the en<l to ]yrevent extraction. These staples must be 
proper spaced to receive the fence wire. 

(lalviiuized metal should he UH(‘d for fasteners, since they are not 
protected by the conende. A pi(‘ce of small (U'xible wire, about 2 in. 
in length, threading the staple or bent wire and twisted several times 
with a pair of plicu's, will hold the longitudinal fence wire in position. 

Wliere it is dtwred to spike or nail to a post, a nailing block or 
strip should he holt(‘d to the ]Hyst. 

Bracing Fence Fosts.—Iti all wire fences considerable tension 
imist he put on the longituditial wires if a satisfactory fence is to 
result. To resist this tension occasional fence ])Osts should be braced, 
and in no casc^ must this bracing be oitutted at the corner posts, and 
tlu' post in many cases sluudd be made heavier than the i)osts in 
the? rest of tlie fence. 

Art. 67, Concrete Railroad Ties 

Tliere are now innumerable designs and patents for the applica¬ 
tion of concredt', plain or reinforced, to the manufacture of cross-ties 
for railroad use. 

Concrete Materials.—The ccunent should comply with the Standard 
B[)eciticationH for Portland cemcmt of the American Society for 
Testing Materials, adopted June, 1!)04, tog(dlier with subsequoiat 
changes and amendments. (Bee also Art, 4, page 43.) 

! The sand, gravel or brokem stone, and water for concrete should 
confomi to the reciuirements stated in Arts. H, 1), 10 anti 12. It is 
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usually specified that no gravel or broken stone greater than in. 
in diameter shall be used. The inspector will, of course, be governed 
by the specification requirement as to the size of aggregate. 

Proportioning Concrete. —The concrete should consist of 1 part of 
Portland cement to 2 parts of sand to 3 parts of broken stone or 
gravel. 

Molds for Concrete Ties. —very rigid mold is required to form 
the ties. These may be-made of heavy timbers or formed of metal 
molds. Great care must be taken in preparing the molds in order 
to east the ties to accurate dimensions and leave the holes exactly in 
the right place for the spiking device. The interior facing of the 
mold should be covered with a proper lubricant before easting 
each tie. 

Reinforcing Concrete Ties. —The reinforcement must be accu¬ 
rately placed as shown on drawings. It must be set parallel to the 
axis of the mold. The best practice is to assemble and wire the 
reinforcement into unit frames for placing. 

Concreting Ties. —Great care in tamping or puddling is necessary 
to insure the corners of the mold being well filled, and if this detail 
is not carefully watched, the reinforcement, being exposed in places, 
will be subject to rust. The concrete must be thoroughly compacted. 

Curing Ties. —^After casting, the ties should be given plenty of 
time to harden before they are disturbed in any way. They should 
be thoroughly sprinkled at least twice a day for the first week after 
making, and as often thereafter as may be considered necessary. 
They should be allowed to harden for 2 months before being placed 
in the track. (See pages 335 and 538.) 

Cushion Blocks. —The cushion blocks may be oak, birch, beech, 
maple, southern pine, or other close-grained hardwood. They should 
be cut from green or living timber, being perfectly sound and free 
from check or shake. After being thoroughly seasoned, they should 
■ be creosoted until they are thoroughly impregnated to a depth of at 
least % in. from the surface. 

Art. 68. Concrete Sewer Pipe 

Sewer pipes may be constructed of concrete, plain or reinforced 
by longitudinal straps and transverse bands, expanded metal or other 
approved reinforcing material. When properly joined together, with 
the connecting joint or seam thoroughly cemented, it should form 
one continuous piece of pipe. 

There are good and bad grades of concrete pipe, and the pipe 
must be properly made and used, or the results will prove unsatis¬ 
factory. The possibility of weak and porous spots in concrete pipe 
is probably the greatest fault. One shovelful of gravel deficient in 
or poorly mixed with cement makes a defect in the pipe line which 
cannot be remedied. Where the concrete layer is as thin as it must 
be in a pipe to compare with a vitrified clay pipe, the danger is, of 
course, greater than with concrete in thicker layers. 
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Not for a moment ev(m must the vi|i:ihmee of ilu' inspeetor or tho 
faithfulness of the woi'krmm he r(‘laxe(l if ^(xul pipt‘ are to be 
o!)taint‘(l. Kveu umUn* these eonditions, some imperfeetions arc likely 
to be found in the pipe. 


MANUFACTURE 

All materials used in the nuumfaeture, the process of manufac¬ 
ture, and the markinir and dating of pipe should be subject to 
inspection at the factory. 

Methods of molding, trimming and seasoning pipe should be left 
to the discrethm of the manufac.turer. 

Marking and Dating.—All pipe should have the factory and 
manufacturer's name clearly impressed on tlie outer surface as 
hlentitlcation mark, aiul sliould iu like manner have the date of 
the molding of the pipe indicated. 

Dimensions,—Pipes not intended for curves or bends should ho 
true and straight, Kaeh straight pipe having a branch or connec¬ 
tion mtdded thereon should not be less than 2 ft. or more than 3 ft. 
long; plain pipe should be in length not shorter than 2 ft. nor longer 
than 3 ft. 

Tlie hubs of all pipe should he of the self-centering typo, and 
thf*re shotdd bt* left an annular space to permit of the making of a 
layer c»f cement mortar at least Vs bi. in +hicku6Hs between the hub 
ami spigot. 

Concrete Materials.—The c(»ncrett‘ should be made of tho best 
grade of Portland cement and good clean gravel or broken stone, 
free frotii earth, loam or other foreign or injurious matter, and 
gcKKl clean (piartz sand, free from any and all earth, dust, loam or 
clay material. Tlie gravel (»r hroktm stone should h(‘ of graded sizes, 
in which there shcndd be no piece larger than Yj in. in any direction 
for pipe up to 24 iti. in diameter, and 1 in. in any direction for pipe 
30 in, and larger in diametim. (Bee Arts. 8, I), 10 and 12.) 

All gravel used sliould he (piartz of granitic gravel. Broken 
atone, if used, slundd be trap or igneous rock, containitig no efflores¬ 
cing, diitericiriiting substance, and sharp and angular in cleavage. 
Furnace slag of the ii!»ove dimenHions is sometimcH used. 

Proportioning Concrete.— Tripes 12 in. and under in diameter 
ihould be imnk! of 1 part Ik)rt!iind cement to 2^2 parts of clean sand. 
Pipes If) in. to 24 in. in diameter should be made of 1 part Portland 
cement to I part sand to 2 parts of hard stone. Concrete in the 
proportion of 1 part Portland cement to 5 parts of sandy gravel as 
taken from tlie pit In sometimes used. 

Mixing Concrete.—The ctmerete may be mixed either by hand or 
with a Hiiitabici batch mixer (see Art 15), It should be mixed in 
hatclies large enougli to make at least om^ comphd.c^ s(*ction of pipe. 
Bulllc'ient water should be used to make a ^^wet mix.^^ 

Molds for Sewer Pipe.-41oidB may be of steed, or wood covered 
with stecL They should preferably consist of cast iron bottom rings 
and shc^et steid inner and outer casings, which should be rolled to a 
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true circle for the size for which they are intended, and the two 
casings should be concentric when the mold is assembled. The spigot 
should be formed by cast iron top rings. 

The molds should have no longitudinal cracks extending through 
the inner or outer casings which will allow the water from the con¬ 
crete to run through. They should be truly concentric and regular 
in form, and the shells or casings should be so connected as to remain 
the correct distance apart during the entire operation of filling, and 
should be so constructed and maintained as to give a pipe of uniform, 
even and equal distance at all points. It cannot be too strongly 
insisted upon that the molds be rigidly held in position so that they 
cannot be distorted while the concrete is being placed in them. 

Reinforcing Sewer Pipe. —Special and adequate provision should 
be made to insure that the reinforcement is placed and held properly 
in the mold in all directions, so that no displacement, distortion, 
bending, buckling, breaking, or any other derangement or injury will 
occur during the placing of the concrete in the molds. The reinforce¬ 
ment must be held rigidly in position, so that it will be uniform in 
all sections. 

Concreting Sewer Pipe. —^Each and every batch of concrete should 
be sufficiently large to make at least one full pipe, and no pipe 
should be accepted or permitted to be placed in the trench which 
has not been constructed from commencement to completion in one 
single operation without appreciable break or cessation of labor in 
the whole operation of making pipe. No residue or remainder of 
concrete left after making of any pipe should be used in the making 
of any other pipe, unless the residue or remainder shall be used 
immediately in the making of such other pipe. 

The concrete should be placed into the molds as quickly as pos¬ 
sible after mixing, and should be deposited in thin layers and 
thoroughly tamped or puddled with a suitable slice-bar. In no case 
should retempered concrete or concrete which has had its initial set 
be used. 

Protection of Pipes (Curing, Etc.). —The pipes should be pro* 
tected from the sun during construction, and kept in a moist condi¬ 
tion by means of frequent sprinkling and the application of bags or 
sacks saturated with water, for a period of at least one week after 
the removal of the forms. 

The time of the first sprinkling and the frequency of sprinkling 
thereafter depend entirely upon the weather conditions. During a hot, 
dry season in summer pipes need to be wet down as soon as two hours 
after being taken from the form; after that they will require 
sprinkling two or three times a day. The pipes should never be 
allowed to dry for the first week. At the end of this time they 
should be allowed to remain in the sheds for a day or two, protected 
at all times from drafts. (See pages 335 and 538.) 

Special precautions must be taken to insure against injury or 
damage to the pipes, both during and after construction, from freezing 
or other ill effects resulting from low temperature (see Art. 33). 
All ingredients entering into construction should be properly and 
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thoroughly heated, and the pipe during and after construction should 
be kept and stored in warm and tight rooms or sheds. 

At all times, the pipes must be thoroughly cured before being 
brought into the exterior atmosphere. The complete process of 
curing should not occupy less than 30 days. 

Openings for Connections. —Openings for bevel or other connec¬ 
tions should be left and so as not to interfere with the strength of 
the pipe, and so as to permit of connections being easily and quickly 
made, and to give a smooth, even and tight joint. Such openings 
should be of a form permitting the connection to enter without 
cutting or chipping pipe in order to introduce the connecting pipe. 

Character or Finish of Pipes. —^Pipes should be without warps, 
cracks, or imperfections. The inside surface of the pipe should be 
smooth and time, and no pipe should be patched with cement or 
otherwise. Pipes should be rejected which are not of good, sound 
and dense material throughout, or which show the use of poor 
materials or imperfect mixing or compacting. 

No longitudinal or transverse seams extending through the shell 
in a straight line should be permitted. Pipes showing the formation 
of seams, lines or areas of unhomogeneous or non-uniform concrete 
should be immediately rejected and not permitted on the line of 
the work. 

No pipe should be used which has a piece broken from the spigot 
end deeper than the depth of the bell or longer at any point than 
one-half the diameter of the pipe, nor which has a piece broken 
from the bell end if the fracture extends into the body of the pipe 
or is longer at any point than one-half the diameter of the pipe. 

All pipe and specials which are designed to be straight should 
not exhibit any material deviation from a straight line. Special 
curves or bends should substantially conform to the degree of 
curvature and general dimensions that may be required. 


TESTS 


Pipes may be subjected to the following tests: 

External Crushing Test. —^When supported upon a bed of thor¬ 
oughly compacted sand of such dimensions and in such manner that 
an even bearing is provided throughout the whole length, but without 
appreciable displacement of the sand at the sides, the various sizes 
of pipe should withstand the following pressures applied at the 
crown uniformly along a line 1 in. in width and extending the whole 
length of the pipe, exclusive of the bell: 


Diameter 

6 

8 

9 

10 

12 


Pounds per 
linear foot 
1,000 
1,000 
1,050 
1,100 
1,150 


Diameter 

15 

18 

20 

22 

24 


Pounds per 
linear foot 
1,300 
1,450 
1,600 
1,800 
2,000 
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Drop Weight Test.—^Pipe supported on a dry sand bed 2 in. deep 
should withstand, without cracking, the impact from two blows of a 
cast iron ball, weight from S to 10 lbs., falling IS in. This test may 
be applied on the line of the work before the pipe is placed in the 
trench. 

Hydrostatic Test. —^Untreated pipe should show no percolation 
up to 10 lbs. per square inch, and should resist fracture at 35 lbs. 
per square inch internal pressure. 

Quality or Practure of Pipe. —^When any pipe is broken it should 
appear homogeneous throughout, being entirely free from cracks 
or voids, and generally uniform, showing pieces of fractured stone 
firmly embedded in the mortar, where stone enters into the compo¬ 
sition. 

LAYINa 

No pipe should be laid except in .the presence of an inspector, 
and the engineer may order the removal and relaying of any pipe 
not so laid. Previous to being lowered into the trench, each pipe 
should be carefully inspected, and those not meeting the require¬ 
ments stated above should be rejected and either destroyed or removed 
from the work. 

All lumps or excrescences on the ends of each pipe should be 
removed before it is lowered into the trench. 

No sewers should be laid within 10 ft. of the excavating or 40 ft. 
of the blasting. 

Method of Laying Pipe. —The pipes and specials should be so 
laid in the trench that after the sewer is completed the interior sur¬ 
face thereof shall accurately conform to the grades and alignment 
fixed and given by the engineer. All adjustment to line and grade 
of pipes laid directly upon the bottom should be done by scraping 
away or filling in the earth under the body of the pipe, and not by 
blocking or wedging up. 

The sections should be laid with the spigot ends toward the 
outlet. The ends of the pipe should abut against each other in sueli 
a manner that there shall be no shoulder or unevenness of any kind 
along the inside of the bottom half of the sewer. 

Special care must be taken to insure that the pipes are well 
bedded on a solid foundation. 

Pipes having any defects which do not cause their rejection 
should be so laid as to bring these in the top half of the sewer, and 
if the bell or spigot be broken the defective place should be liberally 
covered with neat cement mortar, reinforced with a pipe or pipe 
ring, if so desired. 

Before laying, the interior of the bell should be wiped smooth, 
and the hub and spigot thoroughly wet, and the annular space should 
be free from dirt, stones and water. 

No length of pipe should be laid until the preceding length has 
been thoroughly embedded and secured in place, so as to prevent any 
movement or disturbance of the finished joint. 
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Joints: How Made. —The mortar used for making joints may be 
eoiuposed oi‘ 1 l)art Portland eement to I part of sand. 

In making joints between eonerete pipe, the space or gap between 
the ends oL‘ the section sliould be thoroughly wetted just before the 
joint is made. 

The joint tnay be made of a thick a’roiit in the piroportions stated 
above, ])eing pounul around and into ti\e gap luiPl no more will enter. 
A special band is somtditues us(‘d on the interior of the sewer while 
th(‘ grout is being poui’t‘d and until the same has completely set. 

Instead of using grout ami pouring it into the gap, mortar may 
be laid in the collar in such a manner that when the spigot end is 
driven into the collar the mortar will tind the annular space between 
the spigot and tiu' limbs. Spc'eial care must be taken properly to 
fill with tnortar ilu^ amndar space at. the bottom and sides as well 
as at the top of tin* joints. After such space has been filled, the 
mortar having becm compaeled with a woodcm or iron calking tool, a 
neat finish should \m i»iven to the joints by the further application 
c»r a similar mortar to the face of the bub, so as to form a continuous 
ami ev(‘nly ))(‘vc‘h‘d surface' from the (*xterior of tlu' hub to the exterior 
of the spigot all ai’oumb A long, thiu, fhgxible rod may be run into 
all joints to insure* ilu'ir complete tilling. 

Joints ituisl be* smoe>tl\ly ]>ointe'd-up on the inside of the sewer 
or drain, mortar being wiped aroiuul the inside of the joint in order 
to till any vacancit's which may be left. 

All juiiits must be* watertight. 

Cleaning Pipe. The interieir of the joint sliould be wiped clean of 
emrmmt by a wad made* eif a sack lilh'd with hay, large emough tightly 
to iill the pipc% ami attacheel to a rod or corel, whiedi should at all 
time's he* ke*pt In the sewer ami pulh*d aluaid jiasi eac.h joint as soon as 
eeme'utt'd. 

Filling around Jointe.—As soon as the ceunenting e)f any joint has 
be(‘u comple*tc‘el the bedl hole umle‘r the' huh should carefully and 
compactly be* fillc'el with sand, loam or dm* earth, so as to hold the 
exterior mortar llnisli of the jeiint securely in its place. 

Water to Be Kept Out.- The tre'uclic'H wlu're pipe-laying is in 
progre'Hs should he kept dry, and m> pipe Hhould be laid in water or 
upon a wet bed, exeg'pi when especially allowed by tlio engineer. 

All water must be ke[d out of the bell-liole during the laying, or 
else Bucli belbliole sliould be completely filled with cement mortar in 
the* proport ions specilh'd above or with conen'te. 

Ah the pipes tire laid throughout the work they should be pro- 
tectf'tl from dirt and water, no water being allowed to flow in any of 
them in any case during couHtructiou, except such as may be per- 
mitti'd by the engim*er. 

Alignment of Pipe.— -While* the pipes and spcKuals are being laid 
in eacli sec'tion hetw<*t*n manhoh's or other permant'nt openings, light 
frian the remote end of the seetion should remain constantly in plain 
view throughout the entire length of such section or division. 

No Walking on Pipes.—No walking on or working over the pipes 
after they are laid (i?xcept as may be necessary in tamping the earth 
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and i*efilling) should hr allowed until thwe are at h'asf twenty-four 
(24) inches of earth over them. 

Protection of Pipe Ends. —In all eases the mouth of the pipe 
should be provided with a board or other stopper^ earc*fully iitte<! tt» 
the pipe, to prevent all earth and other Hiihslatiet‘s frcnu wasltitnr in 
In rock excavation the mouth of the pipe should he earefuliy pro* 
toeted from all blasts. 



CHAPTER XI 


INSPECTION OP MOLDING AND DRIVING CONCRETE 

PILES 

There are two general methods of eonerete pile eonstriietion: 
(1) those where a hole is made in the ^Toiind, into whieh eonerete is 
rammed ami l(d‘t to harden; and (2) those molded or rolled in 
advance^ allowing the eonerete to set, and afterwards driven by 
methods similar to those used for driving timber piles, i. e., with a 
hammer or some other means. 

For brevity, the a.l)ov(‘ types or elasses of eonerete piles will be 
designated (1) Fast-in-IMaee Piles, and (2) (^ast-and-Driven Piles. 

Foner(de piles ean, iii gemn'al, be \ised under almost all conditions 
in whieh timber pil(‘B are employed^ and in many situations where 
the latter would be irnpracdieable. (’oner(‘te is also canployed to pro- 
t(‘et from d<a*ay, or fi’om the ra^'aa■es of the t(U‘edo, timber jnles 
alrt^ady in service. With the use of concrete piles there is a great 
saving iii excavatioti, ns these piles can be ^'cut off^' at any grade, 
wh(*reaH tinibcu* piles an* cut olT at mean tide, and therefore neeessi- 
tat(‘ consitlerable excavation, and sometimes loss of time on account 
of the tide rising al)ovc* the work. 

Poncrc*te piles should lx* larger in diameter and generally fewer 
in numbc‘r than timber piles for the same structure, being spaced to 
carry from 2.5 tc) 20 ions. Tlu^ loads allowed on concrete piles will 
dep(*nd upon tlu* nature of the ground and tlie syst(‘m used, but 
should not (*xc(*ed 40 tons, as a rule. Fouer(*te piles of about 10 in. 
in diametcu' have been t<‘sted to carry 05 to 75 tons. 

Art* 69. Cast-in-Place Piles 

Piles of the ^^cast-in-pLice^' type are made by forming a hole 
in the ground and filling it with concrete. Piles eonstructed in this 
manner may he eithc‘r plain or reinforced, d(‘pending largely upon 
the character of the work for which they are to he used. These 
piles are usually without reinforcement. 

Methods of Molding Piles in Place.— Various methods are employed 
for rnohling piles in place, being usually controlled hy patents, and 
pile construction hy I law* methods is done only hy certain firms. 
The pih* hole is made artificially and aflcrwards fill(‘d with concrete. 
This may be ihmc hy driving a woodc'U pile, or dummy, of tlu^ proper 
length and withdrawing it, the hole left l)C‘ing at once filled with 
coTicrete; or it may he made by driving a steel tube with a removable 
driving point and filling the hole with concrete as tliis tube is drawn 

555 



556 


INSPECTION OF CONCEKTE PILES 


up, the concrete settling and lillin.n* the space occupicMl l)y tlie tube 
or shell; or it may be made by drivinj^ a collapsible steel (*ort% eiiensetl 
in a closely fitting steel metal shell, the core being withdrawn and the 
shell filled with concrete. 

The first method may be used in certain kinds of soil, such as 
stiff clay, the wooden pile or dummy being driven tlie proper 
depth and withdrawn, the hole left being at once tilled with concrete. 
The application of this crude method is somewhat limittHi, as it is 
seldom that the soil will stand until the hole is filled with ctiiscrefe. 

In the second method the pile is driven as follcovs: A steel slielh 
any diameter and of sutlicient thickness to withstand fall of hummer 
and pressure of soil in driving, is fitted with a removable driving 
point, usually a cast iron shoe. After the steel tul>e Hhell is 
^Mown’^ the hammer line is hooked to a concrete bucket and the shell 
is filled with concrete, usually a 1:2^2:5 mixture. The. tube is then 
withdrawn, and as it is pulled from the ground the concrete Hetties 
and fills the space occupied by the tube. ThcHt pil<»H have been 
driven as close as 3 ft. on centers. 

In the third method, whicli is similar to that just cleHcribeil, some 
form of collapsible steel core, encased in a closely fitting Hliell of 
suitable material, is driven in the usual manner to the deHiretl |if*ite- 
tration, the core withdrawn, and the shell filled with concrete. 

Another form of pile, which is really a column witli tin eiiliirgeil 
footing, has also been used. In one sanscj of the word this m iic»t n 
true pile, and for this reason was not mentioned above, A «liell of 
the diameter desired is made up in short sections and driveiu tiiiil 
the material is excavated by a laborer and removed by iiiciins of ii 
small bucket and hoist. As the excavation lowers, iidditioniil 
of shell are bolted on and the wliole driven <lown until the detiirtHl 
penetration in solid ground is readied. If the materiiil m ‘idf- 
sustaining the radius of excavation is increased m It loweri niitll the 
desired area is obtained, and a reinforced concrete footing m mm- 
structed up to the shell, and the shell then filled with coiicrute to the 
desired grade. 

Inspection of Oast-in-Place Piles.--The diief nncertiilntiei willi 
piles molded in place are whether the concrete m pro|M‘rly pliictd siiil 
tamped and remains uninjured until it lias hardeniiti and fttliiwl tin 
strength. These nncertain points should be carefully wiitdietl luit 
for by the inspector. The following rules should tko be obsiirwl for 
concrete piles in place: 

Pile-Core Method.-— The core should be m con«truct#il that wlieii 
the desired depth has been reached it will collapie and hm§ roiitiicf 
with the shell. It should he easily withdrawn, limvinf tlm did! or 
easing in the ground, to act as a mold or form for tlie nmmtm 
The shell should be made of material heavy imoutli to mdtlwtiifitl 
the side pressure of soft ground or the shearing effect of or 

gravel. 

Driving Piles in Place.-— The core and rIioII should be driven Into 
the ground by means of a pile driver. Tn driving the «l«dt nr mm 
for new piles, care must be taken that adjacent piles in which tbi 
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ctnicrete is still an* not jarred and injured, as the jar in 

drivint^ is sometiuu's eonsiderahle in eertain kinds of ^^‘round and tnay 
easily en<lan^^t‘r the settin^: and liardenina* of adjacent concrete work. 
In other wonls, be abscduiely certain tliat freslily dept)sited or unset 
eoncH'te is iiot disturbed by driving for otlu'r piles in the vicinity, 
in sncIi a way as pt*rc(‘ptibly to (‘oinpress and move tlie earth. 

Proportion of Concrete for Piles.— -The concrete used in making 
piles should be of the best <pialiiy oL* Portland cement, com})lyiiig 
with tlH‘ Standard Specificatiotis of the American Society for T(‘sting 
Materials, mixed in the* proportions of 1 part cement, 2 parts of 
sand and 4 parts of l)rok(*n stone or gravel not larger than 1 in, in 
size. A strong, dense concrete is re(i[uire(l for piles, and the usual 
prc*cautions for sc*curing it should bo observed. 

Keinforcing Piles in Place.—The reinfoi*cement should be assem- 
bletl intt) a tinit frame and plaeed parallel to and concentric with 
the axis of the pih*. 

Concreting Piles in Place.— The concrete should be d(‘posited with 
care tf» pre\iiit scgrt*gation of stone from mortar and to prevent 
admixture ilirt wit It the c(mcrt‘te, b(‘ing thoroughly tamped during 
the flllitig process, so as to insure tilling of the hole. Tint concrete 
must he solidly compacted so that piles will have sections without 
voiils of any kinil. 

Cutting Piles to Proper Height.— After tlua piles have been driven 
and the concrete is std the tops of same should he hoveled off to the 
proper Inngltt to rf‘Ct4ve the footing bearings as may be. directed by 
the engineer. This to inclmle the cutting away of all shells or 
trimming cifT the top of the* pih‘H as may be retpured to bring same to 
proper kv«L 


Art* 60* Cast-and-Driven Piles 

Piles of the “east-and-driveiP’ type are tirst cast in some con¬ 
venient locality and wlteu tlunmughly seasoned are transported to the 
desired site ami driven. These piles are nnule of reinforced concrete, 
iiiolfliHl to the desirtMl slmpc* and cured before being drivem. 

Uifllcultles in driving have been experimteed in some soils, but 
by the use of Impnived methods it is now possible to drive them in 
iiiimwt any soil that timber piles will penetrate. 

Eiiuforcemeut—Al^ piles of the ^^cast-and-driveu’^ type must bo 
reinforced with suflicieni steel properly placed iti ord(*r to prevent 
fitly itijtiry to the pile m It is raised from the gromid to iiosition 
heiween tite leads trf the driver, and to withstand the strains to 
which St may be subjected in driving. The pile is hoisted and lum- 
iliefl by II line from the pile driver whieh is fastene<l at or near the 
butt, iirnl consc«|nently the pile lias to sustain its own dead weight by 
beifig raised, as wet! an sliocks and impact against obstacles, before 
reitrliiiig its ptisition in the leads of the pile driver. ^ 

Files of this type art* usually reinforced both with longitudinal 
rmh and litaiping,* flu* reinforcement ecmsisling of om^ or more; rods 
or slifipw plticed either on the axis of the pile or near its peiumoter. 
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The reinforcement may be any of tlit‘ forms used fur reiuttjre(*d 
concrel.e columns. 

In i!:eneral, only sullicient seclional ai‘ea of material shuuhl he put 
in the reinforcement to take the tensile sirt'sses caused by tht* bendiiej: 
action when handling: the pile ])reparatory to drivin.i»'. With the point 
on the ground and the other end being elevattul, the pile Hhuuld net 
and be designed as a beam supj)orting its own dead wcdght and 
shocks. More reinforcement than this is only neca'ssary wlum tlie 
piles are used for piers, wharves, etc., where a considerable length 
of pile is not supported sidewise, or where thcw are Hulyeetc*d to 
bending stresses, which would obtain if the piles were iwed in eon- 
ncetion with ferry slips or landings. 

Methods of Driving Oast Piles.— Piles of the “eaHt-and-driveii” 
type may be driven with a drop-hammer or ii water-jet. In tlie 
former ease, the pile is cast in a form, reinforced with rods aiii! wirt% 
and provided with a cast iron point. The pile is then driven in 
the same manner as a wooden pile, afler bcdng alluwed to sem-fiit 
properly, using a false or cushioned heml of some (msily eotiipnvsilde 
material to prevent excessive shocks to tiu* pile. 

If the pile is to be sunk by a water-jet, either an lrc»n pipe U 
set in the center of the conerete or a hoh* is moldcHl in the lutigi 
tudinal center of the pile, the core being abcnit 4 In. in diitiiiefer iil 
the top and 2 in. at the bottom. Through this core tlie wfifer»j#'t is 
inserted for sinking the piles into place. Witli tim aid of tin* water- 
jet and light blows of a hammer, or even the weight of tlie biiitinier 
in some soils, the desired penetration may be obtained. 

One contractor makes longitudinal grooves on the tocteriiir inirfiice 
of Ids piles, thus allowing the water from tlie Jet to ew*ii|ie m tlie 
pile is being driven. This fluting increases the sniierflcliil of 
the pile, thus increasing the skin friction. 

Local Conditions.— All of the items entering Into tlie ttiiiiiiifiirliire 
and placing of cast-and-driven piles should be viirieil to Piiit liie 
local conditions. As far as practicable the lengtli of thrive 
be known before they are driven, as it is not priicticalil# to Mpliee 
them, and it is difficult and expensive to cut tlierti. Feiielriiliuti 
should be determined before the piles are brtmglit to tliti fur 
the piles may be either too short or too long. 

Inspection of Cast-and-Driven Piles.— ^The cldef inieertniiity ivitli 
east piles is whether the piles after driving are still mmml or liiivit 
been injured by the driving. Tins imcertiun fadiit slioiilif lnf eiir#». 
fully watched out for hy the inspector. The ftdiowiiig riile,i4 nhmtU 
also be observed for concrete piles that are ciwt-and ilriveiL 

MOLDING PILES POE DEmNG 

Piles for driving^ may be molded like* colurniw in vertieiil furinM 
(see page 306) or like beams in horizontal forms (mm pup* :i||| 
Both methods of molding are used In this country, wfiili* litiri/fiiifiil 
molding seems to be the custom in Bhiropci. tliii elioicti cif tlni 
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method of iiioldine: cannot be decided ori-liand, as excellent piles have 
been produced by bolli methods, 

biles should be cast \iprij;’hi if ituule of dry concrete, so that the 
joint between the layers or laminations will be normal to the direc¬ 
tion of the driviu.t»:. Witli wet concrete it is not important whether 
the piles are cast vertical or horkontal A consideration of the 
followiiif? principles will be useful in determining* whether to cast 
piles vertical or horizontal. 

Any laminations are perpendicular to the load when molded in 
the vertical position, ilms resislin^^^ shocks due to the action of the 
pile-drivin^i: hammer in a much better manner, ('onsidcu’able ditli- 
culty is mot with in molding; piles vertically, due to the small space 
in wliich the concrete must be deposited and tamped. However, 
vcu’tical piles may be const rueted near eaeb other and bold in a 
rack or frame, thus reducing the area of the const ruction and 
storage yard. 

Tlu* process can be inspected better when molded in a horizontal 
position. Horizontal molding may he used in the construction of 
sheet piling, as in many cases the principal stress acts transversely 
to tlie axis of the pile. 

Molding ii(‘ procedure in constructing ^^caHi-and”dri\'etH' 

piles commences with the preparation of the platform or molding bed 
upon which the pilc^s are cast and cured, liiis will vary with the 
site, but it is desirable to Hel#<*t a Hat and convenient location near 
the place of driving. It is very important that the platform shall 
be a rigid planes in order that the piles may not beumrne distorted 
diu’ing setting. Thai is to say, the platform must be stable, so that 
settlement due to the weight of the piles is avoided. 

Where tlie ground is soft and yielding, ordinary })ine siakes 
2 by 4 in. by 3 ft. long, pointed at the ends, may be driven to a solid 
bearing. These stakes should be located at intervals of about 4 ft. 
in each dirc*ctiou and the tops cut to a uniform levoL The 4x4-in. 
pine sills should be toe-nailed to the top of the stakes in longitudinal 
rows about 4 ft. on centers. T^pon theses sills a 2-in. solid wooden 
lloor may ho placed, which forms tlio molding bed. It is desirabh^ 
tliai this bed shall bo uniformly level to receive the forms for tlie 
piles, 

Toms for Oast Files.— Forms should be so made that they may 
readily be detached and used again. The inunber of forms re(|uired 
will vary with the (pmntity of piles to he made and th(‘ prospective 
salvage in the lumber. 

Forms should be straight and kept true to line and level. Surface 
rotighnesH, joint marks, etc., are not o!)jcctionable, but a pile winch 
is not straight is liable to fracture in driving or under load. The 
forms for the piles sliould be water-tight. 

Each concrete pile showld be cast in a separate^ and distinct form, 
of sufficient stiffness to liold the concrete absolutely true to shape. 
Piles may be cast in a sc|nare form made of tw'o pieces of 2xH-in. 
dressed pine battened together and placed on edge to form the sides 
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of ilie pile. The bevels or anirles for tapered or ocdn.ircitml pib^s may 
bo nuide by placin^i^’ louse pieces of bt*V(ded vvotxleu stiips at taudi 
corner of the form. 

All forms should be tlioroii.ddy (deaned after etudi ea.sfiiii:. and 
should be thoroui^'hly coated with crude oil or other approveil lubri¬ 
cant each time tiie forms are used. (See pn^c‘ 2dib) 

Care must be taken to sec^ that tlie forms are suppiirted by ii 
idi^’id foundation or moldinji; bed, as mentioned above. 

Reinforcing Cast Piles.— The n^infoiv'ement sfmuld be aeeiirateiy 
spaced and located as calhui for on tlie plans, and propi»r aiitl approyed 
means should be taken to insina' a.uminst movement <if the reiiihu'eitifx 
rods after having been propcudy placed. 

The reinforcement should be assembbal or made iitiils, ho 
that it can be placed in the forms at oncti. In other wonls. tlie entire 
reinforcement for one pile should be asstanliled and wired before it is 
put into the form. The reinforctmamt shonld be net piinillel to nml 
eoucentric with the axis of the mold, and kept riixidly in iIiih |ni^ifii»n 
during coneretiive:. If IIkm-o art' any kinks in the reinfiireetiitiil. n 
few staples or nails driven artuind the rtals inlti the tiioMs wit! 
straijfjchten them. Be sure that the reiriforctuiierit in coiieeiitrir with 
the mold. 

At the lop one of the main reinforcing roils itiiiy be bent to furiii 
a rini^: to facilitate handling the pih's, pro\liie(l that tlib |iriivii4iiiii hm 
been made in fabrication of the rods for the piles. 

Oast Iron Slioo.—The piles slioidtl be pn»vtdetl mat It n enst iron 
shoe at the bottom, or a steel plate covering to protiiet tln^ itinf 
to facilitate penetratimi. 

Proportioning Concrete for Oast PUes,—The coticrele be 

mixed in the proportions of I part Portland 2 |iitrl.i4 Hiiinb 

and 4 parts broken stom* or gravel. The fntikeii uttoir nr iiriivel 
should pass a 1%-in. ring and be retained on n bidir nermi. 

Concreting Oast Piles.— When a reinforcing tin it m i4iw|ii*iifiei| afnl 
centered in position, tlie concrete of ii wet consisteiiey Hlitiiilil ho 
deposited and carefully puddled. The concrcite wlicitild lie tliorniigbly 
worked around all reinforcing rods ami fbroiigtioiit llie millm 
of the pile, by puddling or other approved inetliml, liiilil tlie ctifien^le 
is thoroughly compact. 

Each pile should be made one ccmthiimiw fifM^riitinri frtiiti tbit 
first placing of concrotf in the form until the pile in fliikliori, witliniif 
interruptions, in order that the most perfect btuiil ititiy be 
Tn other words, when any one pile h «tiirti*tl it uliiittiil lie rfu/^nl 
through to completion without interruption, so m to itwiitl all 
of cleavage that might result in a weak spot in flu* pile, 

The concrete should he poured at several fwiliitK along I lie ffirm 
to prevent flowing and segregation. Bo mif iipiiu fiUbn^. 

the form by pouring at one place, m the cnncrefc will lie in tmovmt 
streaks. 

At times while the molding of tlm pile in prciirri*«i, I lie cpiifriil 
core, if provided with one, should be given n pirtliil tiim to |»reti!ii| 
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the setting of the cement holding it fast and thereby preventing its 
final removal. 

Casting Piles in Tiers. —^Independent supports should be provided 
for each tier of molds in easting piles in tiers. At least one side of 
the form should preferably be in short sections that may be put in 
place as needed, in order to facilitate placing the concrete. The 
forms should be set up vertically with the longitudinal reinforcing 
rods in position. Enough concrete should be put in the forms to fill 
10 to 18 in. in length, after which a set of transverse tie rods or 
wires should be placed, then another layer of concrete, etc. The 
concrete should be mixed rather wet, as thorough tamping is difficult 
in the confined space. For methods of concreting columns, see 
Art. 25, page 306. 

Eemoval of Forms. —^As soon as the concrete of the pile has solidi¬ 
fied—that is, after the pile has been allowed to set a sufficient length 
of time to retain its shape—the forms may be stripped and used for 
making other piles. The pile form should remain in place at least 
24 hours, and as much longer as may be necessary. No special care 
is necessary in taking off forms. 

Curing Piles. —The concrete piles should be properly protected 
from the direct rays of the sun, and should be kept damp by proper 
covering and sprinkling for at least one week after easting, being 
allowed to set for a day after molding, without water. They should 
then be sprinkled every day for about a week, when they may be 
removed from the molding bed or platform, and, if possible, set in a 
vertical position; or they may be laid flat on the ground or stacked 
with others until required for the work. 

Great care should be taken that there is a sufficient amount of 
moisture in the pile to permit of the proper action for the setting 
of the cement. This may be accomplished by covering the piles 
over with burlaps or a thin layer of hay and saturating with water 
from a hose. The pile must be sprinkled and kept in a damp condi¬ 
tion for at least 7 days, being thoroughly wetted by hose three times 
a day, including Sundays and holidays. 

Piles should be allowed to set at least 4 weeks before being 
driven, and as* much longer as is possible. 

The curing of concrete in the normal manner described above 
delays the driving of the piles for a period of not less than 28 days, 
although a greater length of time is usually desirable, especially in 
cold and damp weather. In order to avoid such a long delay, the 
piles may be cured by steam. This enables such piles to be made and 
driven within three or four days, and places the speed of driving on 
the same basis as that of the ^ ^ cast-in-place ^ ^ type described in 
Art. 59. 

Precautions should be exercised in making sure that the concrete 
has solidified and that it has received its initial set before exposure 
to steam treatment. 

Character or Finish of Cast Piles. —All finished piles should be 
sound, homogeneous, and of regular section, being absolutely true to 
form and general dimensions shown on plans. They must be free from 
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wind and all defects which will affect either the appearauce or the 
streng’th of the finished work. In other words, cast piles slumld 1 h* 
straight and without cracks or deeply chipped surfaces, (hnierally 
speaking, the rougher the outside of the pile, the more friidion and the 
more its supporting power. 

None of the reinforcing metal should be expos(*d. 

The metal points, if such are used, should be firmly attached. 

Cored piles for sinking by water-jet should b(§ open and un¬ 
obstructed. 

Fluting or corrugations, if such are used for water-jetting, slicndd 
be unobstructed. 

DEIVma OAST PIIiBS 

The excavation should be completed as far an possible Ijefcu'e 
concrete piles are driven. 

Great care is re(iuired in handling and driving eoncnde pi fen. 
The driving should be done in sucli a way that tlia pile is not frac» 
tured in the body. All piles should be driven plumb and absolutely 
true to line. Great care should be used to bring the top of I lie pile 
to the pi'oper final elevation. 

The methods of driving concrete piles are similiir to thono used 
in driving timber piles. They may be driven with an ordinary pile 
driver, using a heavy hammer and a short drop, a steiiin iinninicr 
being preferable; or they may be driven by means of a wiifer-jct, 
which in most respects is a process similar to that of jetting wooden 
piles. This method of driving is advisable for all but short pili»s. 
A combination of the hammer and water-jet lias been found to l«* 
the most successful manner of driving concrete piles* 

Driving Piles with Hammer Driver.— I'ilos of the ^Guwt-niid- 
driven^^ type may be handled and driven by using pile clrt\eri 4 of 
the ordinary type, but equipped to handle the heavier eonerete pito. 
That is to say, the plant required need not vary fnmi iliiit onliiifirily 
used for driving timber piles, except that more |iower mmt be pro¬ 
vided for handling the heavier concrete pile and tliat lliti pile driver 
frames and tackle must have sufficient strength to lift tlio exirii 
weight. Means must also be provided for holding the coiierole pilo 
in line and protecting its head. 

The weight of the hammer should gcntrally bii gitmtly liiereiHeil 
and the height of the fall decreased, rather than iiiltig n litdit 
hammer dropping a greater distance. The blow of a lighl luumupr 
will be absorbed locally and shatter the pile. Tim widglit of flic 
ordinary drop-hammer should be increased in the ratio of wid^dit of 
hammer to weight of pile, or from 2 or 3 to I, so tlmt tim w'lnirlil of 
the drop-hammer for driving concrete piles will not vary from T.IMiii 
to 12,000 lbs. The height of the drop should not fxmal H or III ft. 

The amount of penetration under the last blows of tlio hmmmn\ 
the style and weight of hammer, etc., slionld be iigiwil iipi»ii bv ibo 
contractor and the engineer before the work i« atnrted. Tin- ii(«i«.c!Mr 
should make his mind clear on these points and s!i.i.il«t nm tlmt the 
understanding between engineer and contractor is detinitn. 
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Caro is requii'ed in lianimer-duivin^*. The pile must have become 
well cured and hardened and must be maintained exactly in line 
with the direction of the hammer blow, the alignment bein,<^ perfect 
with the line of stroke of the hammer. A heavy hammer and a 
short drop must be employed. The pile must be protected by a special 
cap to cushion the hammer blow, in order to prevent shattering* of 
the pile-head. This cushion cap is described in detail below. 

Driving molded concrete piles with hammer drivers is an uncertain 
operation at best, and must be carefully watched by the inspector. 
It has been done successfully even in quite hard soils, and it can 
be done if time is taken and the proper care is exercised; but one 
is never sure that fractures do not exist in the portion of the pile 
underground and hidden. Shattered piles have frequently to be with¬ 
drawn. Th(^ driving of concrete piles must be watched carefully to 
discover cracks, excessive spalling, etc. 

Compression or Cushion Cap. —The head of a concrete pile, must 
be proieeted during driving, otherwise it will be shattered hy the 
shock of the hammer. Special devices in the form of a drive-head 
or cap have been designed to act as a cushion on the head of the 
pile, being so arranged as to deaden the force of the hammer blow. 
A hollow, cast iron cap lllled with sand or sawdust, and calked witli 
clay and rope yarn, is sometimes used, fitting over the head of the 
]>ile like a helmet. The space between the lower end of the cap and 
the side of the pile is calked with clay and tow or other suitable 
material. Through a hole provided in the top of tlio cap, snnd or 
sawdust is poured, the space between the pile and cap being com- 
phdoly filled. Such a compression or cushion cap effectually pro¬ 
tends the pih‘-head, taking the direct blow of the hammer and dis¬ 
tributing the pressure to the entire head. 

Taps in the form of a sheet steel lube or collar, reinforced with steel 
rings fllhnl with sawnlust, surmounted by a wooden block or false 
pile*, have been snecessfully used. The diameter of this cap is slightly 
larger than tlu^ head of tlie pile and is secured to it with hardwood 
W(*dges. Tho cap projects about two-thirds of its length above the 
hcael of the pile. Alternate layers of shavings and sawdust are placed 
in tho cap or tube, which, wlien compressed, oceupy about half the 
remaining apace to the top, tho purpose of the slmviugs being to 
reduce lateral thrust of the sawdust. A hardwood bloek or false pile, 
loosely fastened to the guides, is fitted into this collar. This false 
pile r(*ceivcB the shock of the hammer, the shock being distributtnl, 
by the shavings and sawdust, uniformly over tho head of the pile. 
Tlie cap sometimes consists of a cushion of confined sand, n^pe, or 
rubber hose, uptm wliich rests a false pile, instead of the shavings and 
sawdust as mentioned above. 

Again, a short timber false pile upon tho head of the concrete pile 
may be used alone, (’aps made of alternate layers of lead, wood 
and iron plates have also been successfully used. 

Driving Piles with Water-Jet.-— (k)nerete piles may be driven by 
jetting like timber piles, practically the same methods and apparatus 
being used. When it is the intention to drive piles with a water-jet, 
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the pile should preferably be cored or have a jet pipe east in the con¬ 
crete. In many cases it will be found necessary to use the pile driver in 
connection with the water-jet. 

The method of driving piles by means of a water-jet is very 
simple, the jet being applied at or as near as possible to the point 
of the pile under a pressure of about 120 lbs. per square incli. The 
action of the water loosens the material around the point of the pile, 
thus rendering the soil more fluid, and the pile, either by its own 
weight or with very light blows from a pile driver, sinks into the 
loosened material. During the operation of driving, the water from 
the jet comes up on the outside of the pile and carries with it the 
material which it displaces during driving. This, with the blows 
from the hammer, forces the pile down, the process continuing until 
the pile reaches the desired depth and settles to a firm bearing. 
The skin friction is said to be increased when piles are driven by 
means of a water-jet beyond what usually exists when the pile is 
driven by a hammer alone, the action of the water puddling the earth 
firmly about the pile. 

A special cast iron cap about 3 ft. in height, fitting over the head 
of the pile, is sometimes used. In one side of this cap is a slot from 
the outside to the center, which allows an opening for the projection 
of the jet water pipe. The cap is filled with rubber packing, and 
the top has a wooden block or false pile which receives the blow 
from the hammer, similar to the special cap described above. In this 
way the head of the pile is protected from injury during driving. 

The efficiency of the water-jet depends to some extent upon the 
increased fluidity given to the material into which the piles are sunk, 
the actual displacement of material being small. Hence, the water- 
jet is most efficient in clear sand, quicksand, mud or soft clay. In 
gravel, or sand combined with gravel, or in hard clay, the water-jet 
is almost useless. For these reasons, arrangements should be made 
to deliver large quantities of water with a moderate force, rather 
than smaller quantities with high initial velocity. The efficiency of 
the water-jet may be increased by bringing the weight of the pon¬ 
toon, on which the machinery is placed, to bear upon the pile by 
means of a block and tackle. 

Jet vs. Hammer. —The choice between a water-jet and a ham¬ 
mer pile driver cannot be decided off-hand, as the conditions most 
favorable for each are directly opposite. Both are often advanta¬ 
geously used together, especially in hard, stiff clay. For inland work 
the hammer is usually preferable, owing to the difficulty of obtaining 
the large quantities of water necessary for the jet. For river and 
harbor work, on the other hand, the jet is the most advantageous. 
In sandy soils the jet is preferable, as the sand offers great resistance 
to driving with the hammer, In hard clay the hammer is much more 
expeditious. 

Handling Oast Piles. —The method of handling cast piles to the 
driver should prevent damaging strains on the piles. All piles 
injured in handling or driving must be abandoned and new piles 
driven to the complete satisfaction of the engineer. Great care 
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Bhould be exereiaed in the handling of the piles, and special equip¬ 
ment and tackle siiould be used for the purpose. Cast piles should 
not be dra^'fced alon^^ the g’round or otherwise roughly handled. 

Cutting Piles to Proper Height. —It is sometimes found impos¬ 
sible to drive piles as deep a.s was anticipated, and they must be cut 
olT to some grade to meet the footings. This may be done by using a 
heavy hanmier and track chisel on the concrete, and a hack-saw on 
the reinforcement. 



DEFINITIONS OF TERMS USED IN CONCRETE 
CONSTRUCTION 

" Like every other branch of human activity, the concrete industry 

has developed a list of terms of special meaning. With the usage of 

these terms, the more common of which are given below, the inspector 

of concrete construction should make himself thoroughly familiar. 

Aggregates—Hhe solid and relatively coarse ingredients, such as sand, 
broken stone, gravel, furnace slag, cinders, etc., which are bound 
together by the cement to form a mass of concrete. The term is 
sometimes erroneously applied to the coarse material, such as broken 
stone only. In the form of concrete known as ^^pulp concrete,^^ 
sawdust, an organic material, is used as an aggregate. 

Akron Cemcwt—Natural cement from the vicinity of Akron, N. Y. 

Argillaceous—Consistmg of, or containing, clay. 

Armored Concrete—See Reinforced Concrete. 

Bag of Cement —Weighs 95 lbs. or is equivalent to one-fourth of a 
barrel of Portland cement or one-third of a barrel of natural 
cement. 

Ballast—Broken stone or gravel used in making concrete. 

Barrel of Cement—Weighs 380 lbs. for Portland, contains four bags 
of cement. 

Batch—lAre definite quantity of concrete made at one mixing either by 
a gang of men or by a machine mixer. In hand mixing, ordinarily 
one barrel of cement and the proper proportions of sand and 
broken stone or gravel make a batch. 

Bet on—The French term for concrete. 

Bet on rirme—The French term for reinforced concrete. 

Beton-Goignet—'The French term for a mixture of hydraulic lime, 
cement and sand. 

Blowing —Effect of air bubbles on finished surface, due to over wet 
mixtures not properly puddled or tamped. 

Board Marks—The marks left by the forms. 

Bonding —The uniting of one layer or course of concrete with an¬ 
other. (See Art. 27.) 

Broken Stone —See Crushed Stone. 

Bush-hammering —A method of dressing stone (applicable to concrete) 
with a hammer having large point-like teeth on the striking face. 

CaZcarcows—Consisting of, or containing, calcium carbonate or car¬ 
bonate of lime. 

Calcining—Bnmmg; subjecting to sufficient heat to cause partial 
chemical disintegration, or incipient or total fusion or vitrification. 

Cement—The binding material which holds the aggregates together in 
concrete in a solid mass. Cement is a preparation of calcined clay 
and limestone or their equivalents, possessing the property of 
hardening into a solid mass when moistened with water. This prop- 
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erty it exeivises luukr water, as well as iu open air. Cements are 
clivitled into i'nur elassesj l\n*tlaiul, Natural, l^uzzolan (or Puzyaio- 
lana) ami Siliea eeinents. 

vnlti's Tlie temporary wooden or metal supports used in the er('<'tiou 
tii' masonry areites or other superimposed or overlying* eonstruetive 
work lloor slabs, lor example. (See also T'orm^i.) 
r/i/rrim; Saint* ns eenters. 

/ifi/s PariitdeH td* Iiard gravel or erushed stone are known as “ehats^' 
in stnae parts of the country. 
htekn ■ Same as Imir cracks. 

'imirr roarrc/c—Ctmcrete in which eindei*s is used as one of the 
aggregatt*s. 

’anrrrit An artificial stone made by mixing cement mortar with 
broken stone, gravel or other suitable material. The proportions of 
cement, sand and stone are generally expressed in parts by measure 
foccasionidly by weight). A 1:2:4 (one, two, four) concrete means 
1 part cement to 2 parts sand to 4 parts stone. A 1:3:5 eoncrete 
is made t»f 1 part cement, 3 parts sand as^l 5 parts stone (or 
griivi*!). When both stom» and gravel are used, the eoncrete may 
he ilesignated thus, 1:3:2:4, wliich means .1 part cement, 3 parts 
wind, 2 parts gravel and 4 parts stmie. 
foirrrlr /fiihlile—■ Masonry of large stones, usually of derrick size, 
willi joints t»f concrete instead of mortar. (See also Hubble Con- 
I 

imrrrie Klerl--See Heinforved Comrete, 

(itiniuHetf of rolawe—See S(yundnenB, 

tiuBimriiiin Jfiird —The iM*am between two Buccessivo day^s work in 
conerete laying. (Bee Art. 2(1.) 

«rr Tin* mold used to form the hollowed-out part of a cement or 
eiificrete lilm*k. 

orrttifuitd /liir—A form of reinforcing steel made by pressing the 
stir fare of ii plnin bar into a sericH of ridges or corrugations. 

Biiiiie ns Iiiiir crackH—generally the result of too rich a mix- 
Hire oceawoiially a sign of unsound eamant. 
rii -ill// The fdieekiiig or eriicking of the surface of artificial stone, 
conerete, weai’iiig surface of sidewalks, etc, 
ruMhrd Slant*--Tlw terms ermhed ntone and broken atone are used 
iiiiliwriiiiiiiiitely to designate stone that has been broken by a rock 
eriislien 

riwlirr IHiw —Otwlieil stone «ir gravel taken directly from the crusher 
with iitiiie of file fine material, dust or “flour,’’ Berc*ened out. 

Ilepiweiits the ratio of the sum of the volumes or masB of 
flic luirtlclen, tir iib«olutc4y Holid sulistance, of a material containc*d 
ill It iiiefti<ured unit volume tt» the total measured unit volume. 
Irtmmnti-’- The IliiiBli given to the surfiice of concrete, 
iril Ctmtrtie mixture ctmtaining so small a percentage of water 
lliiit very liiird riiiiiming l« required to flush the water to the surface. 
‘|lorfw#»re*-The white or yellowish discoloration sometinu^ appearing 
on the surface of brick, concrete, stone, etc., due* to the leaching 
init of Boliilile salts. (Hw Art. 31.) 


mmmTion^ of teems 


m 

Expanded Metal—k metal manufactured by cutting close parallel rows 
of gashes in steel sheets and then expanding the gashes laterally 
to form diamond-shaped openings. 

Expansion Cracfc—Cracking in concrete work caused by expansion. 

Expansion Joint—A. vertical joint ’or opening between two masses of 
concrete to allow for variations due to changes of temperature. 

Fabricj Wire —See Wire Fabric, 

Facing—(!) A rich mortar placed on exposed surfaces to produce 
a smooth finish. (2) Shovel facing by working the mortar of con¬ 
crete to the face. 

Falsework—Woodeici or other supports for holding concrete in posi¬ 
tion while setting. 

Ferro-Concrete —See Reinforced Concrete. 

Finishing—Workmg the concrete surface with steel trowels or similar 
tools, as for instance by brush, called brush finish. 

Floaling—FvQpBxm.g the roughly spread mortar for the steel trowel by 
the use of a wooden or cork float. If this floating is used for a 
finish, it is called float-finish. 

Flushing Concrete—Concrete is said to be flushed when water is 
brought to its surface by ramming or tamping. 

Forms—Forms are the molds (usually of lumber) that hold the con¬ 
crete in shape until it has set or hardened. There seems to be 
a misunderstanding as to the separation of forms and centers. 
Forms properly speaking consist of the timber work to form those 
members of concrete construction, such as columns, girders, etc., 
which must possess a certain regularity of form and evenness of out¬ 
line. Centers, properly speaking, consist of timber supports for 
floor slabs, bridge centers, etc. 

Frost Line—The average level to which frost penetrates into the 
ground. 

Elision—Melting; usually applied only to melting of mineral substances 
which takes place at relatively high temperatures. 

Gauging—Determining the proportions of cement, sand, gravel or 
broken stone and water in concrete. Generally used in specifying 
the quantity of water that will produce a certain consistency. 

Granolithic—Concrete consisting of Portland cement and fine broken 
stone or sand troweled to form a wearing surface; its most general 
use being as a top surface for concrete walks. 

Grappiers Cement (Ciment de grappiers)—Mnde in France by grinding 
hard, under-burned particles which have escaped disintegration in 
the manufacture of hydraulic lime. 

Gravel—Mixture of coarse, rounded pebbles and sand, or pebbles with¬ 
out sand. 

Grout—A thin mortar composed of sand, cement and water; either 
poured or applied with a brush. 

Bair Cracks—Yme hair-like cracks on the surface of a cement or con¬ 
crete structure which has stood for some time. 

Bardening—Commences after the final set of a cement mortar or con¬ 
crete and continues for a ’number of years. 
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High Carbon Steel—A steel iii which the elastic limit is not less than 
50,000 lbs. per sq. in. 

Hydraulic Cement—Any cement which sets or hardens under water. 

Hydraulic Lime—Containing lime and clay in such proportions that it 
hardens under water. 

Hydrated Lime—Specially prepared powdered slaked lime made by 
mixing quicklime and water. It can be bought coimnereially. 

Laitance—HhQ milky fluid, composed of particles of pier cement in 
water, which results when concrete is deposited in water or is mixed 
with an excess of water which arises to the surface of the concrete. 

Laitier Cement iCiment de laitier)—The, French name for Puzzolan 
or slag cement. 

Lean Mixture—A concrete containing a relatively small proportion of 
cement. 

Lime of Teil {Chaux du Teil)—A celebrated hydraulic lime of France. 

Limestone—An aggregate for concrete, consisting largely of CaO, CO 2 
and Si 02 . 

Loam—Earth or vegetable mold composed largely or entirely of organic 
matter. 

Louisville Cement—A natural cement from the vicinity of Louis¬ 
ville, Ky. 

Matrix—A term sometimes used to designate the body of cement and 
fine aggregate in which the coarse aggregates of cement are em¬ 
braced. 

^'Mill Tailings’’—The by-product of lead and zinc mines. It consists 
of crushed blue and white flint varying in size from Vs to % ii'^* or 
over. ^^Tailings” or ^^Chats” or gravel, as it is commonly known, 
can be found in large piles at the mill and can usually be had for 
the hauling. 

Mix—A shortened term for Mixture. 

Mixer—A machine for mechanically mixing concrete. 

Mixture or Mix—Heievs either to the proportions of materials com¬ 
posing concrete or to its consistency. 

Molds—See Forms, 

Monolith—A term applied to single-piece work, or walls built with 
concrete between frames. 

Monolithic—'Bnh.i in one solid, continuous piece. 

Mortar—A mixture of cement or lime and sand or other fine aggre¬ 
gate having water added so as to make it like a paste. 

Natural Made from natural rock containing the required con¬ 

stituents in approximately uniform proportions. It may be further 
defined as a finely pulverized product resulting from the calcination 
of an argillaceous limestone at a temperature only sufficient to drive 
of£ the carbonic acid gas. 

Neat Cement—Or cement paste, is cement mixed with water without the 
addition of any aggregate. 

Parker’s Cement—A term sometimes used in England for natural or 
Roman cement. 

Paste—A mixture of neat, i. e., pure, cement or lime with water. 
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PZas‘]^iC“ Capable of being* molded, formed, modeled, or spread, like 
mortar or paste. 

Pointing—Tilling in joints or depressions on the face of concrete. 

Portland Cement —Made from an artificial mixture of materials con¬ 
taining lime, and clay. It may be further defined as the finely pul¬ 
verized product resulting from the calcination to incipient fusion 
of an intimate mixture of properly proportioned argillaceous and 
calcareous materials and to which no addition greater than 3 per 
cent has been made subsequent to calcination. 

Puddling—TS oq mechanical or hand stirring of wet concrete in the 
forms when too wet to be tamped or rammed. 

Puzzolan Cement—kn intimate mixture made by grinding togetlier 
granulated furnace slag, or natural pozzolanas, such as volcanic 
ash, 'and slaked lime without further calcination, possessing ihc 
hydraulic qualities of cement. 

Quaking Concrete—Qonemi^ mixed with that proportion of water 
which will cause it to quake like jelly when heavily tamped. 

Quick Setting—l^erm applied to cement which takes an initial set in 
a comparatively short time. The term is arbitrary. 

Bamming—Hmvy compacting of concrete with a suitable tool. 

Begauging—Adding water to mortar which has become stiff and work¬ 
ing same until plastic. 

Beinforeed Concrete—YaTionsly known as armored concrete, eonereto 
steel, steel concrete, etc., is concrete in which is embedded bars or 
wires of steel or iron in such form as to take up the tension and 
assist in resisting shear. 

Beinforcement—The iron or steel used in reinforced concrete. 

Beinforcing—Apiplying the reinforcement—also used in the same sense 
as reinforcement. 

Betemper—To stir thoroughly again, so as to give workable con¬ 
sistency ; to regauge, as in stirring up mortar or concrete that has 
already begun to set. 

Bich Mixture—A concrete containing relatively a large proportion of 
cement. 

Boman Cement—Tho English term for natural cement. 

Bosendale Cement—A natural cement from the Rosendale District in 
eastern New York State. 

Bubble Concrete—Conorete in which large rubble stones, or plums, are 
embedded. Stones from the size of a man^s head to the size of a 
barrel are thus used. When larger stones are used, and the con¬ 
crete becomes simply a coarse-grained mortar between them, prob¬ 
ably the term eyclopean masonry is more correct than rubble con- 
Crete; still there is no distinct dividing line. 

The term commonly applied to small pai^ticles of quartz; it is 
also used to designate small particles of stone such as crusher 
dust or very small gravel. 

Sand Cement—SB.me as Silica Cement, 

Scale—To flake off in thin layers. 
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Applies to the product of the crusher (dust and chips) 
which passes through the smallest hole in the screen used to se^Darate 
the broken stone into the different sizes. The size of the smallest 
screen varies from % in. to % in,, so the word screenings has 
no definite meaning, although it can usually be taken to apply to all 
stone under % in. in' diameter. In other words, it- is the fine 
agg'i’egate sejaarated from crushed stone and used in the place of 
sand. 

Setting—Setting refers to the process of chemical combination which 
takes place among the particles of cement when subjected to the 
action of water, resulting in its hardening. 

Shrinkage Cracks—IDne to contraction of concrete on account of tem¬ 
perature changes. 

Silica Cement—A mechanical mixture of clean, fine sand and Portland 
cement. 

Siliceous—Contdiining silica (quartz or sand), or partaking of its 
nature. Written also ^^Silieious.^’ 

Slag Cement—AnotheT name for Puzzolan Cement. 

Slam —A white scum forming on top of concrete laid with an excess of 
water. 

Sloppy Concrete—Coneiete mixed with that proportion of water which 
prevents it from being piled up in the barrow; it will run down a 
slightly inclined trough. 

Slow Setting Cem^ent-TYwit which requires two hours or longer in set¬ 
ting. The term is arbitrary. 

Soundness—Absence of tendency to cracking, swelling, shrinking, dis¬ 
tortion, or disintegration under varying conditions of moisture and 
temperature; constancy of volume. 

Steel-Concrete—See Reinforced Concrete. 

Sylvester Wash—A waterproofing wash consisting of alum and soft 
soap applied alternately to the surface of concrete. 

Tamp—To compact concrete firmly with a suitable tool, to reduce 
voids and force the aggregates 'as closely together as possible into a 
compact mass. 

Twisted Steel Pars—Reinforcing material made by twisting square steel 
bars. 

Underhurned Cement—A cement burned at too low temperature; the 
clinker of such cement is lacking in density. 

Vassy Cement {Ciment de Yassy)—A common French natural cement, 
obtained by heating limestone containing much clay at the lowest 
temperature that will decarbonate the lime; it sets very rapidly but 
hardens very slowly. 

Voids—A term applied to the spaces between the grains of sand, or to 
the spaces between the fragments of gravel, crushed stone or other 
aggregate. The voids are expresses in a percentage of the total 
volume of the loose material. The term is also applied to the 
spaces throughout a mass of concrete, mortar, or paste that are 
filled with air or water. 

Wearing Surface —Finished surface exposed to wear. 



72 


DEFINITIONS OF TERMS 


Vet Concrete —A mixture containing so much water as to recjuire little 
or no ramming, 

Vire Cloth—A term applied to a form of reinforcing fabric made 
of wires tied, crimped or welded at their intersections to form long 
strips of various dimensions. Such reinforcement is us(*d for floors, 
roofs, and interior partitions, much as expanded metal is used. 
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A 


Absorption test, sand, 97 
Acid resistance, stone, 119 
Acid wash 

bonding concrete, 328, 339 
finishing surfaces, 401, 514 
patching concrete, 339 
removing efflorescence, 347 
Acidity test, water, 129 
Adhesion 

concrete to metal, 263, 286 
mortar to forms, 235, 239, 383 
Aeration of cement, 21 
Aggregates 
ashes, 122, 376 
broken bricks, 86, 125 
broken stone, see Broken stone 
burnt clay, 125 
care of, 73, 89, 116 
character of, 193 
cinders, 122, 376 
classification of, 70 
clay in, 83, 91, 106 
cleanness, 81, 106, 114 
color of, 85 

colored, 390, 487, 507, 524 
coral, 86, 126 
dampness of, 194 
determinations, 71, 93, 108, 118 
durability, 71, 75, 104 


frozen, 358 

grading, 72, 79, 105, 114, 133, 422 

gravel, see Gravel 
gravel vs. stone, 72, 104 
heating, 354, 366 
Inspection of, 70, 76 
mesh composition, 79 
mineral composition, 78, 105 
mineral impurities, 82 
miscellaneous, 126 
organic impurities. 84 
duality, 77, 105, 112, 122, 124 
rejection of, 90, 108, 117 
samples of, 74 
sampling, 74 
sand, see Sand 
screening, 89, 102, 120, 123 
screenings, 85 
selection of, 70, 76, 110 
shale, 125 

shape, 71, 78, 113, 366 
size, 71, 79, 105, 113, 367, 423 
slag, 124 
slate, 126 

specifications for, 70, 76 
specific gravity, 87, 107, 116 
unscreened, 73 
variations in, 379 
vegetable impurities, 84 
voids in, 72, 88, 106, 116 
washing, 73, 89, 103, 107, 120 
water required for, 193 


weight of. 87, 107, 116 
wetting, 164, 348 
white, use of, 391 
Alignment of forms, 211, 287, 336 
columns, 218 
walls, 231 
Alkali water, 126 
Alkalinity test, water, 129 
Alum and lye wash, 438 
Alum and soap, 431, 437 
Alum sulphate, 430 
Anchoring batter forms, 237 
Apparatus, clinker crushing, 123 
Arch centers 
adhesion of concrete, 235 
arch ribs, 233 
bolting, 233 
cambering, 233 
center frames, 233 
classes, 232 
deflections, 233 
distortion, preventing, 318 
forms, arch ring, 235 
foundations, 235 
groined, 236 
lagging for, 206, 233 
removal of, 254 
ribs of frames, 233 
rigidity of, 232 
sand-boxes, 234 
settlement, 233 
shimming joints, 235 
striking, 234 
wedges, 234 
workmanship, 235 
Arches 

backfilling, 320, 461 
concreting, 316 
drainage, 319 
expansion joints, 319 
finish, 319 
reinforcement, 280 
waterproofing, 319 
Arrangement of forms, 209 
Artificial heaters, 357, 362 
Artificial sands, see Sand. 
Asphalt 

application of, 447, 457 
coating, 330, 446 
composition, 446, 454 
contraction joints, 333, 503 
grade of, 454 
preparing, 447, 457 
sources of, 453 
Asphaltic concrete, 376 
“Assembled unit” system, 262 
Assembling 
forms, 200, 209 
reinforcement, 264 
spiral reinforcement, 272 
stayed col. reinforcement, 270 
Assorting reinforcement, 257 
Automatic measurers, 157, 174 
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B 

Backfilling 
arches, 320 
sewer pipe, 664 
waterprooilng, 461 
Bags 

delivery of cement in, 23 
(U)vering concrete with, 361 
depositing concrete In, 374 
flllcd with ice, 331 
tilled with sand, 331 
volume of. 22. 161 
Balancing centers, 318 
Bar benders, 267 
Barrel of cement, weight, 22 
Barrels 

delivery of cement In, 22 
measuring In, 166 
volume of, 151 
weight of, 22 

Barrow, see Wheelbarrow. 

Bars, see Reinforcement. 
Batches, size of, 157, 166, 178 
Batch mixers 
attendance at, 173 
care of, 173 
charging, 171, 172 
checking operations, 178 
classification of, 108 
cleaning platform, 178 
discharging. 172, 173 
number of turns, 172 
requirements for effective, 161 
testing, 171 
time required, 172 
Batch vs. continuous mixer, 170 
Beam bridge forms, 236 
Beams 

concreting, 314 
forms, 218 
removal of. 261 
joints in, 324 
reinforcement, 274 
inaccuracy in placing, 277 
Bearing at ends of bars, 261 
Bearing plates, col. bars, 273 
Bending of bars, 266, 258, 267 
beam relnforeement, 274 
column relnforeement, 272 
Beveled strips in forms, 210 
beam, 220 
column, 218 
expansion joints, 211 
Bitumen, 460, 468 
Bituminous binder, 460 
Bituminous process, 446 
Board covers, S6l 
Bolling test for water, 129 
Bolling water, 866 
Bolt holes, filling, 206 
Bolted frames, 216 
Bolting centers, 233 
Bolts for forms, 206 
wall forms, 229 
Bonding concrete, 826, 486 
Boxes, measuring In, 166 
Bracing of forms, 208 
column, 217 
floor, 224 
wall, 227, 228 
Brick facing, 416 


Briciucttcn fur 
Brt»kcn brick«, Ktl, li*ii 
Bn»kcn sttuic 
arid rcMlsPusrc, 119 
hcnildcrs, 366 
care of, U6 
choic«» of, lit! 
cJaKsIficailtui, lUi 
clciumiw. 111. 119 
cohbltistcincp. 8fW 
t'tunpitml with grin-ol. "2, 101 
crusher pliini«, I'it 
crusher run. Ill 
crusher wreonw, I5l 
enwhitig rc»liiiaiirc. 119 
dfdormiiittttoiia, IW 
dti|ilfwtomcfit HlotioK. 3iW 
tln» risslitiitico. lit 
grtulittg, 114 
griitilti!. Ill 

gravid cotiililiiiilltiii. til 

gravel compimt wllli, 73. Iiil 

layer of, SSii 

limpstwic. IIS 

mcimurlng. Ill 

nigger hraiix, 3611 

**ono-fiiwn*‘ utoiicw, lliiH 

packing atoiica MU 

plumlii, IW 

prctmratloii of, 12# 

pmldlng atofir*, 3ii 

pwlvtrlicdt 431 

qiiiillty, 113 

rejection of* til 

nibble Si« 

windstono. 113 

«TOcii«*d uiiirrcoiirti, liS 

acrowilng. i:!ii 

*cn*crilMg«, 

sclocttmi Ilf, Iti 

*hftp» of, III, m 

*l«o of, lO, 3W 

spHdflc iimvliy, tli 

itom» mtrticr*. iStt 

storag# Ilf, Hi 

toiting of, ll« 

tmigbficw, IW 

volcli In, UC Iti 

volcanic III 

voltinwirlc •fiifticilp, I in 

wiiibliig, 180 

wiitgbt, Hi 
widtirw. m, 5li 
firiisbwl llnlili, m*, ill 
Itnckcti for rirti*Totltif, :f«i, 371 
lliilhling mtit'rcir 

comprrwirii tlio inaicrliil. Sit 
curiitg 

dcp^ltlng coiiidctc. IS® 

facing of. Ill 
laying bloi%«, III 

roarlilfipi ti^d fur, |,fi 
miitwiiili for, ISl 
Wixitig miirrct#, S3? 
propirtloiilfig Pfiftrffd#* 131 
reimivlfig 

liiiirkf. Ill 

Building form#, crcctltiii nf, sii 

Ibirlap, itf. Sll, »«l. I5S * 
Rurnt clay biilteff* Isa 
liiiti joifiia ciiiititttt imm 3ll 
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C 

C’nlcium chloride, use of, 353 
c'atuhering 
arch centers, 233 
}mim forms, 221 
('unvas, use of, 244, 3U1, 452 
i’liiaicity of 
hags, cement, 22, 151 
harrels, eenumt, 22 
barrels. meiiHurir^g, 155 
gauge boxes, 155 
wheelbarrows. 152, 154 
C’apw for short's, 225 
('arc of 
aggregates, 73 
broken sttme, 115 
eemtmt, 23 

ftu'm removal, 24f), 253 
lumber* 200 
rnaehlnery. 1K5 
mixers, 173 
sand. H0 

C’liulklng of forms, 204 
(’ells in mass etinertde, 303 
i’ement 

aet'eptanee retiulrenients, 42 

aeration of, 21 

bag, volume, 22, 151 

bag, weight, 22 

bag, weight of, 22 

barrel, volume. 22, 151 

barrel, weight, 22 

lairrel of, wt'lght of, 22 

car load, citnintity in. 25 

chemical analyses, 40, 52 

tdapslflcatltm of. 10 

tador of, 30, 45 

delivery of, 21 

tleteiioratlcm of, 22, 23 

Held Insiiectlon, 2H to 31 

Held tested, SB to 30 

grout eoatlng, 320 

Inspecthm of, 27 to 42 

laboratory tests, 30 

lumpy. 20, 155 

magnesia In, 52 

measurement, unit (»f, 150 

measuring. 153. 15K 

milk paint, 40K 

mill tested, 40 

m(»rtttr coating. 320 

natural, si'*' Natural I'cment. 

neat, coating. 320 

packages, 22 

paint, 40H 

piling in storehouse, 25 
l‘c»rtland, see I»ortland cement. 
Fussxolatb see FugiKolati cement, 
rejection of, 23 
«Ut« in, 343, 345 
sampling of, 31 to 35 
sand, 20, 4H 

acreenlng ont lumps. 105 
specifications for. 42 
storage houicw* 24 
storage of, 23. 25. 27 
testlttg bouse, 35 
used in sea water, 48 
volume of 
In bag, 22. 151 
In barrel. 22, 151 


volume per cu. yd. concrete, 15P 
water required for, 193 
weight of, 22 
wdiite, use of, 391, 506 
(’ement testing 

accelerated tests, 37, 61, 67, 347 
boiling water, see accelerated 
briquette making, 55 
chemical analysis, 49, 62 
compression tests, 60 
consistency, normal, 36, 53, 55 
constancy of volume, 37, 30, 61, C57 
fineness, 35, 39, 60, 64 
mixing, 36 
purity test, 38 
setting, 36, 39, 53, 55 
soundness, see Constancy of 
volume. 

specific gravity, 40, 51, 64 
standard sand, 57, 101 
standard tests, 49 
steaming apparatus, 63 
storing test pieces, 59 
tensile strength, 40, 60, 56 
results, 89 

(\mterlng, see Forms. 

“Chairs,” spacing, 365, 274 
(’hemical analysis, cemi'iit, 40, 52 
('burning concrete, 295 
tools for, 297 
('hutes, use of, 369, 370 
('inder concrete 
laying. 375 
naixing, 375 
proportioning, 149, 376 
Cinders 

apparatus for crushing, 123 
quality. 122, 375 
screening, 123 
washing, 123 

Circular column forms, 215 
Circular tank reinforcement, 281 
(Mty ordinances, 247 
(’lamps, steel. 20H, 215 
Claplioard finish, 415 
('lasHlflcation of 
aggregatt‘8, 70 
an‘h centers, 232 
broken stone, 110 
cements, 19 
machine mixers, 167 
batch. 157 
continuous, 157 
mixtures, 148 
piles, 555 
sand, 75 

surface finishes, 384 
waten)rooflng, 421 
Clay 

effect of in concrete, 91, 430 
in gravel, 105 
in sand, 83 
water-tlghtnesB, 430 
Cleaning 
chutes, 370 
concrete with 
acid, 328. 330 
steam, 328. 339 
forms, 237, 285 
after removal, 239, 250 
column forms, 238 
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mixer, 173 

mixing platform, 173, 183 
reinforcement, 263 
sewer pipes, 554 
surfaces, 328, 339 
Cleanness 

broken stone, 114, 119 
cinders, 122, 376 
gravel, 106, 108 
reinforcement, 263, 286 
sand, 81, 95 
water, 127 
Cloth, woven, 452 
Coal tar pitch, 453 
Coarse sand, use of, 81 
Coatings, concrete 
alum and soap, 347, 437 
alum, lye and cement, 438 
asphalt, 330, 446 
cement grout, 329, 406, 439 
cement mortar, 329, 410, 442 
dry mortar, 330 
hydrocarbons, liquid, 441 
linseed oil, 441 
paraffine, 442 
plaster of Paris, 408 
proprietary, 330, 409, 440 
whitewash, 408 
Coatings for forms, 239 
Cold-water paint, 243 
Cold weather, see Freeizing Weather. 
Color of 

cement, 30, 46, 47 
effiorescence, 344 
sand, 85 
Colored 

aggregates, 390, 487, 507, 524 
clay tile, 415 
facing mortar, 389, 487 
Coloring by immersion, 516 
Coloring matter, 165, 391, 488 
Columns 
concreting, 306 
forms, 214 
cleaning, 238 
removal, 250 
joints in, 324 
reinforcement, 270 
Communications, 14 
Compacting concrete, 295, 475 
Complaints, how made, 14 
Composition of 
asphalt, 446, 454 
cement, 19, 20, 21, 45 
coal tar pitch, 454 
gravel, 105 
sand, 78, 79, 95 
waterproofing, 

compounds, 433, 440 
felts or fabric, 454 
paper, 454 

Compressive tests of 
mortar, 60, 101 
Concrete 
asphaltic, 376 

batches, size of, ..57, 165, 178 
blocks, see Building blocks, 
bonding new to old, 326, 436 
buckets, 282, 374 
bucket towers. 283 
cars for, 282 


carts for, 282 
cells in mass, 303 
cement finish, 303 
churning wet, 296 
chuting, 369 
compacting, 295, 475 
consistency required, ISG, 187 
wet vs. dry, 188 
conveyors, 282 
covering, 360 
dense, 421 
dry, 186 
dumping, 292 
efflorescence on, 342 
excess water in, 195, 302, 309 
fence posts, 544 
footings, 305 
foreman, 162, 173 
foundations, 304 
frozen, 341 
handling, 290, 358 
hoppers, 286 
impermeable, 421 
inspection of, 287 
jarring of, 334 
layers, 295, 296 
manipulation of, 295 
medium, 186 
mixers, 167 

mixing, see Mixing concrete, 
mixing plants, 184 
mortar facing for, 298 
mushy, 186 

ornamental, see Ornamental con¬ 
crete. 

patching, 337 

percentage of water in, 196 

pit run gravel, 135 

placing of, see Concreting. 

plants, 184 

pouring wet, 293, 535 

proportioning, see Proportion. 

protection of, 302, 334, .373 

puddling wet, 296, 512 

punning, 299 

quaking, 186 

railroad ties, 548 

ramming. 299, 301, 332 

rehandling, 294 

removal of defective, 302 

removing lumps of, 286 

repairing, 337 

retempering, 166, 289 

rubble, 366 

sewer pipe, 549 

sidewalks, see Sidewalks. 

spacing blocks, 274 

spading, 298, 385 

soupy, 186 

test cubes of, 167. 247, 303 

tools for, 297, 301, 183 

transporting, 282 

wall spacers, 230 

water, quantity required, 193 

waterproofing, 346 

wet, 186 

wetting, 302, 335, 348 
wheelbarrows for, 282 
Concreting 

against rock faces, 288 
arches, 316 to 320 
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around reinforcement, 315 

at night, 5, 290 

beams, 314 

chutes, use of, 369 

columns, 306 

dry weather, 288, 347 

footings, 305 

foundations, 304 

freezing weather. 349 

groined arches, 320 

high temperatures, 347 

hollow tile floors, 313 

hollow walls, 310 

joints in work, 320 

lack of care in, 379 

layers, 295 

order of, 295 

piles in place, 557 

protecting flnished work, 294 

record of, 11, 303 

reinforcement, 269, 315, 318 

retaining walls, 311 

runways for, 283 

slabs, 311 

spandrel walls, 31, 318 
steel beams, 320 
stopping work, 320 
subaqueous, 294, 371 
test cubes, 167, 247, 303 
under water, 294, 371 
walls, 309, 359 
water-tight work, 424 
wet weather, 289 
Conduit 
forms, 236 

removal of, 255 
reinforcement, 281 
Consistency of concrete 
chuting, 369 
columns, 306 
high temperatures, 348 
mortar facing, 388 
proper, 194 

reinforced concrete, 187 
spaded finish, 384 
terms for specifying, 186 
various structures, 187 
water-tight work, 423 
wetness of concrete, 186 
wet vs. dry concrete, 188 
Constancy of volume 
field tests, 37 
laboratory tests, 39, 61 
natural cement, 47 
Portland cement, 45 
Puzzolan cement, 48 
signiflcance of tests, 67 
Continuity bars, 276 
Continuous mixers 
charging, 174 
classification of, 168 
precautions, 176 
requirements for effective, 169 
testing, 175 
use of, 173 

Continuous vs. batch mixture, 1<0 
Contraction joints, 332, 425 
Conveyors, concrete, 282 
Coral, 86, 126 
Corners, repairing, 341 
Corrosion of steel bars, 353 


Covering bars, 266 
Covering concrete, 360 
Covering cracks in forms, 204 
Crushed gravel, 104 
Crushed stone, see Broken stone. 
Crusher 
dust, 86 
plants, 121 
run, 114 
screens, 121 
Crushers, stone, 120 
Crushing resistance, stone, 119 
Curbs and gutters 
body concrete, 493 
forms, 493 
materials for, 492 
protection of, 495 
sub-base for, 493 
sub-grade for, 493 
wearing surface, 494 
Curing concrete 
building blocks, 537 
fence posts, 546 
freezing weather, 364 
hot weather, 348 
ornamental, 517 
pavements, 503 
piles, 561 
sewer pipe, 551 
sidewalks, 491 
ties, railroad, 549 
wet vs. dry concrete, 191 
Cut-stone finish, 400, 415 
Cutting concrete, 337 
Cutting piles to proper height, 557, 
565 

Cyclopean concrete, 366 

D 

Dams, forms for, 236 
Day’s work, joints in, 321 
Defective concrete 
inspection of, 338 
patching, 337 
removal of, 302 
Definitions 
binder, 450 
bituminous, 450 
natural cement, 20 
pitch, 450 

Portland cement, 19 
Puzzolan cement, 21 
saturated fabric, 450 
terms used in this book, 

Delivery of 

broken stone, 117 
cement, 21 
fabric, 460 

steel reinforcement. 256 
Dense concrete, 421 
Depositing concrete, 290 
under water, 371 
Determinations for 
aggregates, 71 
broken stone, 118 
gravel, 108 
sand, 03 
water, 129 

Diagonal strips, 210, 216, 220 
Discoloration of surfaces, 380 
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Disputes, 14 
Dowel joints, 33a 
Dowel method of patching, 340 
Dowels, 274 
Drainage 
arches, 319 
pavements, 498 
sidewalks, 471 
waterproofing, 4G6, 4fit 
Drenching concrete, 303, 335, 348 
Dressed finish, 403, 485 
Dressed lumber, 200 
Dry concrete, 186 
rammers for, 301 
ramming, 299 
under water, 371 
Dry mortar, 330 
Dry weather 
concreting in, 347 
precautions, 288 
Dry vs. wet concrete, 188 
Drying sand, 103 
Dumping concrete, 292 
Durability of 
aggregates, 71 
gravel, 104 
sand, 75 

Duties of inspectors, 5 

E 

Earth surfaces, wetting, 288. 305 
Economy In the use of forms, 202 
Efflorescence 
appearance, 841, 380 
cause, 341 
prevention, 345 
removal, 346, 403 
Embedment of bars, 265 
Engineer’s approval, 2H6 
Plnglneer’s directions, 164 
Erection of 
arch centers, 233 
building forms, 209 
beams, 221 
columns, 214 
Blabs, 222 
walls, 227 

concrete buildings, 16 
Estimating Ingredicmts, 158 
Excavations 
concreting in, 303 
preparation of, 288 
Excess water in 
concrete, 195, 802, 800 
forms, 288 

Expanded metal, 261, 270 
Expansion joints 
arches, 810 
beveled strips, 211 
constructing, 381 
pavements, 502 
sidewalks, 478 

Exposed concrete, forms for, 205 
Exposed reinforcement. 279 

F 

Fabricating spirals. 271 
Fabrication of forms, 208 
bcflm boxes. 219 
columns, 214 


holIt»w tile fimifM, 222 
slabs, 221 

slabH hctwi‘cn tiled braitm, ,!22 

walls. 22? 

Facework. Innihcr for. L»f«» 
Facilitiiting wiirk, I : 

Facing concrete witllw. IliS 
cold wimtbcr. Itfd* 

Facing form, mcliil, Til. 

Facing mortar, 2liM. asr* 
colored, 38li. m 
Facing. p<*l*l*l**'*i**^^b 411 

Failures in coucrtde ^Iriicliiren, I 
Falsewtmk, wee Fitrinit, 

Fastening 2ili 

checking over, SKI 
li»bars or Pllrriipa 'iif* 

Felt, waterproofing, 112 
Fence po»ti, S44 
Fiber brushes. u»p of. 3!»s 
Field test! 
cement, 2i 
reinforcing 3iiii 

Fining volfiM. 4iti 
Fineness of ciitiieiit 
field tests, 35 
lahortittiry ttwiw, 3li, 
natura!, 41 
Portland, 44 
Puiiolan, 47 
slgnlflctmci, S4 
Fin# iitnd. Ui® of, ii. S2. ^1 
nntoh 
arch©», StI 

ctmiint, 2i«, *mi, Ml. m 

building lilca^p, SSI 
curb* am! iiiitteni, l!H 
orniiftieritiil rofitirele, 513 
pavement*, iW 
sidewfilk*, 4ii. 4i? 

Finlihwl work 
forma for, 2IWl, 2liS 
protecting, 337 , 4«fi 

Finishing rotirrete « n 

aciil wiwh fliitili. 4iii, uH 
hrick fttcini, iw 
brn«h#d ttfiipli, M'l 511 
cliip-bimrd inlili. III 
coloring maticr, lit, im 
cyt-«ton#, 4§ii. Ill 
drowcil flinlib, 1113, lift 
tiry aiirfmcp lliitoli. S«4 
floiit ftnliilt. iM, im 
tmnollthh* ftiilili, $%%. ris 
grtiut Wftptici, Ififl •«« 
bammereil pwrfticc. 4«;i 
ipfcrtod piitteriii, III 
mortar f«ro, m%, riS. 413 
panel iftlplt. 4|| 
painted llitiili, im 
pebhlo-iliiBli, St», III 
picking, IftS 
plain finlatb W 
plasteroti im. 113 
plapter of Part* wimli, 
rough, 111 

rnbtied ftnfpli, mi, sn 
sandddwMtIrit. Its. iw 

amihbcil ftnliii, m 
slnp-iteib. 114 
amooth rtnttf, III 
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spaded finish, 384, 389 
splatter-dash, 414 
stone facing’, 417 
terra cotta facing, 416 
tooled finish, 403, 485, 515 
troweled finish, 389, 426, 484 
washed finished, 397, 401 
whitewash, 408 
Fire resistance, stone, 119 
Fitness of forms, 213 
Flat slabs 
concreting, 
columns, 309 
joints in, 326 
reinforcement, 278 
Float finish, 414 
Floors, see Slabs. 

Footings 

column, steel for, 274 
concreting, 305 
joints in, 306 
reinforcement, 274, 280 
shores, 226 
Foreman 
carpenter, 201 
concrete, 162, 173 
form removal, 249 
Form of bars, 265 
Forms 

adhesion of concrete to, 239 
alignment of, 211, 287 
column, 218 
wall, 231 

approval of, 202, 286 
arch centers, see Arch centers, 
arch-ring sections, 235 
arrangement of building, 209 
assembling, 200, 209 
batter, anchoring of, 237 
beam or girder 
bridges, 236 
bevel strips, 220 
camber of, 221 
erection of, 221 
fabrication, 219 
openings in, 220 
removal of, 251 
thickness of lumber, 219 
bevel corners in, 210 
boiled linseed oil for, 242 
bolts and sleeve nuts, 2C6 
braces, inclined, for, 208 
bracing of, 208, 224 
brushed finish, 397 
camber of, 221 
caps for shores, 226 
carpenter foreman, 201 
caulking of, 204 
checking over, 284 
clamps, steel, use of, 208 
cleaning of, 237, 285 
coating of, 239 
cold-water paint for, 243 
column 

alignment, 218 
beveled strips, 216 
bracing, 217 
circular, 216 
cleaning, 238, 285 
erection of, 214 
fabrication of, 214 


frames, stays, etc., 215 
octagonal, 216 
openings at Dottom, 216 
ornamental, 217, 507 
removal of, 250 
spacing and squaring, 217 
supply of, 218 
thickness of lagging, 214 
conduit. 236, 255 
construction of, 209 
covering with 
canvas, 244 

paper, 204, 226, 243, 361 
sheet metal, 204, 226, 243 
cracks, covering of, 204 
cross-ties, bracing with, 209 
curb and gutter, 493 
dams, 236 
definition of, 197 
dirt on, 383 
economy in using, 202 
edges, improving, 205 
erection of, 200, 209 
excess water in, 288 
expansion joints, 211 
exposed to the weather, 211 
fabrication, 200, 203 
facing for mortar finish, 386 
finish for particular work, 205 
fitness of, 213 
footings for shores, 226, 235 
girder, see Forms, beam, 
greasing, 239 
heating of, 214, 350 
hollow tile floors, 222 
imperfectly made, 381 
improving joints in, 205 
jarring of, 334 
joints in, 204 
lagging, 206 

leveling of, 211, 218, 231, 287 
limewash for, 243 
loads on, 202, 249 
lubrication of, 237 
lumber 
care of, 200 
dressed, 200 
kind of, 197 
old form, 200 
quality of, 198 
rejection of, 200 
size of, 199, 214, 219 
undressed, 200 
woods suitable for, 197 
marking forms, 275 
massive wall, 263 
metal covering for, 203, 243 
metal facing, 237, 298, 386 
minimum time for removal, 246 
nails for, 207 
oil for, 241 
oiling of, 242 
old, 200, 239 
openings in, 210 
ornamental, 217, 237, 265, 607 
paraffine oil for, 241 
pavement, 499 
pile, 566, 559 
pipe, 236, 265, 550 
plumbing of, 211. 287 
protection of, 214 
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provision for pipes, etc., 211 
rejection of, 214 
removal of 
arch centers, 255 
beam forms, 251 
supports for, 251 
care in, 249, 253 
city ordinances, 247 
cleaning forms, 239, 260 
column forms, 260 
conduits, 256 
contractor’s risk, 245 
foreman in charge, 240 
for finishing, 213 
freezing weather, 248, 252, 364 
manner of, 249 
minimum time for, 240 
notification of, 244 
organization of gang for, 249 
ornamental, 256, 612 
piling forms, 250 
precautions, 249, 263 
sewer, 266 
shores, 262 
sidewalk, 256, 473 
slab, 261 

superimposed loads on, 249 
tests for concrete, 247, 303 
time for, 246 
wall forms, 263 

responsibility for accuracy. 213 
rigidity of, 212 
rubble concrete, 867 
sections of arch ring, 235 
shellac for, 248, 610 
shores 
bracing, 223 
caps for, 226 
footings, 226, 235 
length of, 225 
placing of, 224 
removal, 252 
splicing of, 226 
square ends on, 226 
wedges, 226, 284 
sidewalk, 287, 472 
alignment, 472 
marking, 476 
material for, 472 
spacing of, 472 
staking, 472 
slab of floor forms 
between steel beams, 222 
bracing of, 224 
covering with paper, 226 
erection of, 222 
fabrication of, 221 
hollow tile, 222 
removal of, 251 
sunnort of, 223 
tlfickneas of lumber, 219 
smooth, 205 
soaping of, 242 
snikes for, 207 
splicing shores, 225 
steel, use of. 202 
stopping of Joints In, 204 
studs, 206 
sufflciency of, 218 
supervision of, 201 
supply of, 213, 218 


swelling of. 209 
tapping of, 302, 308 
thin wall, 2f»4 
tightness najuired, 190 
time of reniovat, I'lii 
type of, 201 
wdll forms 
alignment «»f. 231 
bolt tifw iUid npiieern, 229 
concrete spiic'era, 230 
eretdion of, 227 
exterior support of, 22'S 
fahrhiititm of, 227 
foundation, 231 
interior atipport of, 12? 
lumber fur. Til 
removal of, 263 
remtnml of tle-rodii, :!3*t 
slope wing wiihii, 231 

tle-rfMls left in eonrrele. 430 
wire ties itnd ppiirew, 229 
waterdrips, 211 
water-tight Jolniii, Ifiti, I'lii 
wedges for, 226. 231 
wetting, 240. 2116, riMfi 
whitewimhing <»f, 213 
wlnti*r eonerete. 2ll, SMi 
wire tie*, im. 229 
workmanship, 302 
Foundations 
anih center*. SSS 
billow wiitw, 3111 
ecmcretlng. 304 
curbs and gylttra, 495 
pavemonto, 411 
aborts. 22i 
sidewalk#, 4il 
wall form* for, 231 
Freezing wcitthi^r 
iinmunt of beat reipitrwi, 8EI 
boiirtli, um of, Sill 
ladling water, mu of, tmi 
eiaebim ehlorlfle. use of, 3;4 
cfinviis, ti*e of, 161 
ehmnlrig foriip, SSi 
eonertdlnii in, sm 
covering eonerete. Sill 
clnriitlon of f»rolee||fift^ Hit 
onglnew’p liermlr.r-len, ;tit 
facing eonerete wiii'k, iW 
handling ronerelo, m 
hay. nm of. 862 
ht^atlng forma. 
heating 314, »« 

manure, nm of. Ml 
minimum temperftttire. MS 
mixing eoritTet#». lii, 2Si 
pitper, M»f* of. Sit 
prt4eauf|o««, im 
rindeethm of work. 
reinforced concrete w'wrk. 
removnl of fornw. Sli, :isi 
wilamiindiira ii»c of. mi 
«ftH u«# of, 3fi| 
wiwdiwt. iiic of. 8i| 
stimm boxcp, iipp tif^ ^17 
at«im colli, iipfi r»f, Sii, sif 
Ptraw, iwo of. 

py*pfin»lori of work, III, lii 

tar ptpcr. mm of. i«i 

waterproofing In. ||0 



Frozen aggregates, 358 
Frozen surfaces, 365 
Fuller’s Rule, 159 

G 

Gauge boxes, size of, 156 
Gillette’s Formula, 160 
Girders, see Beams. 

Grading 

aggregates, 72, 133, 422 
broken stone, 114 
gravel, 105 
sand, 79 

Granite, broken, 113 
Granolithic 

finish, 388, 425, 479. 600 
plates, 237, 298, 386 
Gravel 

broken stone compared with, 72 

broken stone mixed with, 105, 107 

clay in, 106 

cleanness, 106, 108 

crushed, 104 

determinations for, 108 

durability, 104 

grading, 105 

grit, 104 

Joplin, 104 

measuring, 153 

mineral composition, 106 

preparation of, 109 

quality, 105 

rejection of, 108 

sand in, 108 

screened vs. unscreened, 107 
screenings, see Sand, 
shingle, 104 
sizes of, 105 
specific gravity, 107 
voids in, 106, 108 
volumetric synthesis, 109 
washed vs. unwashed, 108 
washing, 107 
weight, 107 
wetting, 164, 348 
Gravity mixers, 175 
Grit, 104 
Groined arches 
centers for, 236 
concreting, 320 
Grooves for 
bonding concrete, 331 
contraction joints, 333 
joining future work, 323 
Grouting 

concrete surfaces, 329, 406, 439 
submerged stones, 375 
Grout washes, 406, 439 

H 

Hair cracks, 378, 484, 490, 517, 537 
Hammered finish, 403 
Handling concrete, 290, 358 
wet vs. dry concrete, 189 
Handling reinforcement, 263 
Hand mixing 
care in, 181, 184 
directions for, 179, 180 
inspection of, 178 
measuring ingredients, 179 


methods of, 177 
mixing platform, 178, 183 
number of turns, 182 
reinforced concrete, 177 
size of batch, 178 
specifications for, 177 
tools for, 183 
water for, 180 
Hay, use of, 362 
Headers, 268, 280 
Heaping wheelbarrows, 155 
Heating 
forms, 214, 350 
materials, 354, 356 
metal surfaces, 456 
mixers, 358 

Hoisting machinery, 283 
Hollow blocks, see Building blocks 
Hollow tile floors 
centering for, 222 
concreting, 313 
joints in, 324 
Hollow walls, see Walls 
Hooped column reinforcement, 270 
Horizontal joints, 322, 342 
Plot tests, see Constancy of volume 
Hot weather 

concreting in, 347 
mixing in, 166 
protection of work, 348 
Housing mixer, 348, 358 
Hydrated lime, 394, 522 
waterproofing with, 428 
Hydrocarbons, liquid, 441 

I 

Imperfectly made forms, 381 
Impermeable concrete, 421 
Impurities in sand 
effect of naturaJ, 90 
mineral or inorganic, 82, 91 
vegetable or organic, 84, 92 
Inaccuracy in placing steel, 264^ 
beam reinforcement, 277 
slab reinforcement, 280 
Incisions in waterproofing, 461 
Ingredients 

estimating, for concrete, 158 
waterproofing, 426 
Inserted patterns, 415 
Inspection 
cost of, 5 
delay in, 10 
necessity of, 2, 162, 419 
object or purpose of, 3 
plans of, 3 
scope of, 4 
Inspection of 
broken stone, 112 
building blocks, 520 
cement, 27 to 42 
concrete before placing, 287 
concrete construction, 1 
concrete products, 504 
concreting, 282 
curbs and gutters, 492 
defective work, 338 
fence posts, 644 
forms, 197 
gravel, 104 
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materials, 8 

methods used by contr., 8 
mixing concrete, 162 
ornamental concrete, 504 
pavements, 495 
piles. 555, 557 
proportioning‘concrete, 131 
reinforcement, 256 
sand, 74, 76 
sewer pipe, 549 
sidewalks, 463 
surface finishes, 378 
ties, railroad, 548 
water, 126 
waterproofing, 418 
winter concrete, 350 
Inspectors 
authority of, 10 
deviations allowed by, 10 
duties of, 6 

essential qualifications, 9 
familiarity with plans, 8 
general duties of, 6 
influencing the action of, 14 
preliminary training, 9 
specific duties, 14 
troublesome, 3 
Integral method, 421 
Introduction, 1 

J 

Jarring concrete, 334 
Joints 

arch centers, 235 
asphalt, 333 

between day’s work, 321 
butt, column bars, 272 
cement grout, 329 
curb, spacing of, 494 
dowel, 333 
expansion, 332 
arches, 319 
beveled strips, 211 
constructing, 331 
pavements, 502 
sidewalks, 478 
grooved, 333 

horizontal, in concrete, 322, 342 
improving, in forms, 205 
in beams, 324 
columns, 324 
footings, 324 
flat slabs, 326 
sewer pipe, 553 
plastering, 445 
slabs, 324 
sidewalks, 464, 476 
T-beams, 325 
tile floors, 324 
walls, 322, 332 
waterproofing felt, 457 
lap, for column bars, 272 
location of, 320 
mortar, 329 
neat cement, 329 
retempered mortar, 330 
shimming, arch centers, 235 
stopping joints, in forms, 204 
tongued, 332 

unsightly construction, 381 


vertical, in concrete, 322 
water-tight, in forms, 190, 204 
Joists and tile construction, 313 
Joplin gravel, 104 

L 

Labor for 
forms, 201 
waterproofing, 459 
Lagging for 
arch centers, 233 
forms, 206 
Laitance, 191, 372 
Lampblacks, testing, 396 
Lap joints for column bars, 272 
Lapping of bars, 268 
Layers 

concreting in, 295, 318 
inclined, 345 
staggering, 296 
tamping, 299 
thickness of, 296 
Laying 

asphaltic concrete, 377 
building blocks, 543 
cinder concrete, 876 
ordinary concrete, 290 
rubble concrete, 367 
sewer pipe, 552 
waterproofing felt, 456 
Lean mixtures, 149, 188 
Leveling forms, 211, 287, 336 
Lime, see Hydrated lime 
Lime paste. 412 
Limestone, broken, 113 
Limewash for forms, 243 
Lining forms with 
canvas, 244 

paper, 204, 226, 243, 361 
sheet metal, 204, 226, 243 
Linseed oil paint, 441 
Loads on concrete, 364 
Loads on forms, 202, 249 
Loam in sand, 84, 95 
Loose-bar method, 261 
Lubrication of forms, 239 
Lumber, see Forms, lumber 
Lumpy cement, 29, 165 

M 

Machine mixing, 167 
batch, 171 
continuous, 174 
gravity, 176 
precautions, 162, 176 
Machine vs. hand mixing, 160 
Manipulation of concrete, 295 
Manure, use of, 361, 491 
Marble dust, use of, 390, 506, 531 
Marking centering, 275 
Measures, verification of, 157 
Measuring by volume, 150 
Measuring by weight, 150 
Measuring ingredients 
accurate, 158 
aggregates, 153, 179 
approximate method, 162 
automatic devices, 157, 168, 174 
cement, 153, 158 
in barrels, 166 
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Jn bottuniUiBa boxes, 15B 
In wheelbarrows, 154, 155 
receinueU‘8 for, 153 
Ml^e of batehoH, 157, 1(55, 178 
unite of measurement, 150 
water, 157 

MiHlinmi mixtures, 149, 18B 
Medium steel, 25H 
Mtanbrane method, 450 
Meitd faeiUK form, 237, 29K, 380 
Metal lath and furrhiR, 411 
Metal Murfaees, eonditlon of, 450 
Metal ties, 331 
Mt'tallle stearates, 434 
Mien in sand, 92 
Mineral eolors, 891 
Minimum time f(»r 
eonereting, eold weather, 359 
tilling long eolumns, 309 
fortn removal, 240 
Mixed aggregates, 105. 111 
Mixers for eonerete 
bateh, 170, 171 
bateh va. eontinuous, 170 
eliipallleatlon cd, 107 
eonttnuoua, lOH, 173 
Kravity, 175 
heating, 358 
housing. 348. 858 
loeatlon of, 185 

mtulrements for effiadlvc*, 109 
Mixing 

alum and soap, 432, 43H 
alum, lya and cement. 439 
IliumInum sulphate and soup, 432 
eliiy. 430 
Mixing eoneretii 
asphalt le, 377 

batches, of, 157, 105, 17H 
cans in, 161, 181 
elntler eonerete, 370 
I’oloretl mortar, 395 
depositing under wat*‘r. 3Kl 
dirt to be kept out, lOfi 
iixeewive ii»e of water, 195 
frtwiing weather, 358 
hiiritl mixing, 170 
directions k»r, 179, 180 
hand vs. machine, 100 
heating miitt^rlalH. 354, 350 
iiot weather, 100. 347 
Inspection of, 162, 17H 
insufflelent, 370 
tnaehino, 167 
metluKts of, 101, 177 
plant for, 184 
preeautloni, 162, 170 
tent for proper, 107 
thoroughnepM In, 161, IHl 
water, 120, 180 
water-tight work, 423 
wet Vi. dry, 188 
wetting matoHala, 164 
wet wftiither, 160 
Mixing 
lime. 420, 43S 
plaster, 412 
waterproofing. 435 
Mixtures, deslgniiti«m of, 148 
Molds, BOii also Forms 
building blocks, rf28 


ornamental, 217, 237, 507 
pile, 555, 559 
sewer pipe, 550 
Mortar 

coating, waterproof, 442 
colored, samples of, 394 
mixing, 395 

eompresslvo tests, GO, 101 
dry, use of, 330 
facing, 208, 385, 423 
reflnishing, 290 
facing forms, 237, 298, 386 
joints, 329 

retcmpcring, 166, 289 
safety coat of, 460 
Sylvester, 443 
tesla, see Cement testing 
Mushy mixture, 186 

N 

N-shaped saddles, 274 
Nails as furring, 412 
Nails for forma, 207 
Natural cement 
brands of, 20 
color of, 47 

constancy of volume, 47 
definition, 20 
fineness, 40 
Specific gravity, 46 
tensile strength, 46 
time of setting, 46 
weight of, 22 
Neat cement coating, 320 
Nigger heads, use of, 366 
Nfglit work, 5, 200 
Normal eonslstency, cement, 
field teats, 36 
laboratory tests, 53 
Hlgniticanco, 66 
Number of 
bars, 266 

piles of fabric, 459 
turns, hand mixing, 182 

O 

Octagonal column forms, 216 
Oil for forms, 241 
Oiling forma, 241 
Oiling reinforcement, 268 
One-man stones, 366 
Openings In forms, 210 
checking over, 284 
columns, 216 
girders. 220 
sewer pities, 551 

Ornamental column forms, 217, 507 
Ornamental concu'cta 
coating molds for, 510 
curing, 517 
imitation of 
granite, 610 
marble, 618 
stone, 520 
materials for, 506 
molds for, 217, 237, 255. 507 
idiicing the concrete. 511 
removing molds, 512 
reiiairing defects, 513 
surface treatment, 513 
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P 

Paint 

ceincnt-inilk, 408 
cold-water, 243 
waterproofing:, 440 
Painting: concrete, 409 
Painting: reinforcement, 2G3 
Panel finish, 415 

Paper for forms, 204, 220, 243, 301 
I’apor, tar, waterproofing, 451, 454 
i*arafline oil for forms, 510 
Paraffine waterproofing, 442 
Patching 

concrete floors, 340 
concrete surfaces, 337, 390, 399 
waterproofing, 402 
Pavements 
base, 499 

expansion joints, 602 
forms, 499 
grading, 496 
materials, 495 
one course work, 501 
protection, 503 
sub-base, 497 
sub-grade, 496 
wearing surface, 500 
Pebble-dash finish, 899, 414 
Picking concretes surfac'es, 403 
Pickling Imth for steel bars, 204 
Pigments, use of, 391 
Piles 

cast-and-driven 
driving, 662 
handling, 564 
molding, 668 
molding in tiers, 661 
molds for, 569 
reinforcement, 567 
cast-in-place, 66 
Piling cement in storehtmge, 26 
Piling forms, 260 
Idpes 

cutting concrete for, 3S7 
molds for. 236, 660 
provision In forms for. 211 
sleeves, 208 
steam, use of, 362 
Pitch, 450 

Idacing column reinforcament, 273 
Plans and speclfleatlona 
failure to comply with, 18 
familiarity with, S 
Interpretation of, 12 
record of concreting, 308 
I Mans of inspection, 6 
Plants for making concrete, 134 
Plaster of Paris wash 
for concrete, 408 
for forms, 248 

Plastering concrete, 410, 442 
Platform for 
chutes, 870 
fence posts, 646 
hand mixing of concrete, 178 
piles, 669 

storing materials. 73 
Plumbing forms, 211, 287, 836 
Pointing bolt holes, 206 
Pointing defective concrete, 837 
Porosity of aggregiitea, 193 


PoroHity of slag. 124 
lk)rtland cement 
chemit'al composition. 45 
color, 80, 46 

(‘onatancy of volume, 43 
definition, 19 
flmmcaa, 44 
microaeopic teat. 46 
act ting cpialltica, II. 4X 
ap€H*lfic gravity, H 
tenaUc atrongPu H. 4s 
welgiit of, 22 
Pouring concrete, 298. 686 
cHilurmm, 306 
Preparing 
aaphalt, 447, 457 
broken atone, 120 
eoncroti^ surfaces, lit! 
earth lurfiiccs, 288 
excaviitltini, 2M8 
foundatitma 
curiia, 498 
pavemiinti, 496 
slclewalki. 467 
metal surfacop, 4411 
mortar cimtluK, 3S|, 891*, 4I», 41;; 
rock aurfttcea, 288 
«and. 103 
aurfiicei for 
bonding, 831 
grout tinlah, 40? 

IMdnting, 40» 
piiiwterlug. III. 413, Hi 
«ind-blatilug, 401 
wttierprwifirig, 4«, 4S8 
Prevltnw u»p tif ftiriiip, 2iiii, S!* 
Propnrt liming ctmcrcte 
iiccurati^ 186, I6M, »1T9 
arbitrary iotiictton, 131 
tmtehea, of, 161. lifi, ill 
di'tormlnatlttii of eointiiii, 131 
dlrectlotw for. 188 
cBtlintillng ttiiriHlIeiiti, lifc. 
impfirtancii iif timpisr, till 
limit* of rofliwiiiwiiit, ii2 
moiwurtimcnt of tit: 

mimsurep for. IS§, Hi 
moiiJUrIriM duvlrci, ISI, Eli. Ill 
mechiinlcii! til 

inotltodi of, 131 
pflnclpltw tif, 03, Hi 
ii®vo-iiniily»|«, til 
trill I inH turns, HI 
tyfilctil «trticttiro», 141 
unlfi for, ISCi 
void delermliiiitlon, Hi 
vohimidrtc nyiitlicilp, ilS 
water ri*i|Wlri«d, lti| 

Proportion* 

alum anti aoiip, |3h I3M 
idiim. lye iiinl i;i*» 

aluminum niilpbatc ittnl 14 J 
aspliiilllc conrrtdo, 3fi 
changing, I3i 
cinder conewdr. Hi. 
cofloldid clay. ISll 
coloring matter. 3il 
granolithic flnlpii. Sii 
hyilmtcd lirti#. I 2 i 
intorpretfaioti of. 04 
lime and wiitp, m 
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mortar fachjg*, 387 
|j|t-nni gravel, 135 
liliiater, 412 
jiulverlxtHl ruck. 431 
rahblv emu-rete, 3U7 
Mlag 134, luli 

wubntjianam tH»ni'rt*lt', 371 
uaual, 143 

water-tight fajH'ri‘l<*. 132, 435 
I*n»itrletary ctmumurulM, 433 
i*rt>|>rlt*ttiry palnta. 4 It) 

Pr<»|w* k'i>rta«, HhorvH, 

I *rt»te«*ilaM 

r«iric-r«'tt% :i«2. 333, 3KC) 
from hliiBtlag. 33« 
from vurrentH. 373 
from friiMt, 33«, m) 
from Rim aial wind, 335 
from traftiv, 33« 
fInlitlaHl work, 2HI), 231. 337 
foriiiM, 2U, 214 
ridiiftirring uteid. 2f»K, 2it) 
waleriirmiflni:, 4tlt) 
l*rotrydlng imdw of har«, 2»>H 
1‘ytldllng roiHTidi*. 21)3, fil2 
folumnH, 3t)K 
Uaili4 ftir. 2H7 
l•nmll•«^ riti 
Punning ootuToti*, 231) 

Purity ttf fiuuont 
flidtl tv«i for. :iK 
Pimitilan oinnimt 

of vtiUmm, 48 
ilotiniticin, 21 
fltnmoRii, 17 
polling tiUiiUtloa, 47 
niiorlflo gravity, 47 
toimiip «irt*n«th. 47 
Witlornrocdln« with, 423 
wnlght Ilf, 22 

Q 

Quaking miscturo, 

Q nil Illy of 
hrtikon iittmo, I Pi 
flndora Pi3 
«riinlti% U3 
grtivol, liPi 
Uittowlono, tl3 
lutiilior, IPS 
wiii«.l. 77 
pitiidutono, lift 
Plug, 124 

wntoriiroollng, 453 
Quantity of water rt*nulr«d, ll»3 
Qiinrts Mind, i« 

Quirk »imd. 77 
Quifk aid, l«K 
lirovtmting, of omuTotis 2!»4 

R 

Iliilti. lirotiH-tlon from. 1X4, 4P« 
liiiinmor htd#«. 331 
llitntinorw or iatni»or», HOI 
fciroM Ilf, 3til 


UihamllinK concrete, 204 
ilelatlon of 

eiMUtmt and aKKri'Katew. 134 

thu* uiul I'oarae aKgregales, 132 

Relnforeed eoncrete 
bulldlngH, cold weather, 363 
i’lnderH for, 375 
eoUMlHtetU'y of, IK7 
coiToHion of Hteel harB in, 353 
tlooi'H, eutUng of, 337 
hand mixing for, 176 
healing materlaln for, 351 
JoinlH in, 323 
Hlag for, 126 

wet VM. dry ccmerete for, 190 
Uelnforeement 
ari'h hrldgcB, 2 H() 
uBsembltHl units, 262, 276 
asHembUng, 264, 270 
assorting, 267 
bar henders, 267 
beam 

aHHernblcd units, 275 
htmdlng, 274 
eontlnulty burs, 276 
extra litirs, 276 
fasltailng P^bars, 276 
marking eenterlng, 276 
tOai'lng, 276, 276 
Inaeeuraey In, 277 
spaelng, 266 
stirrups, 276 
tagging, 276 
bearing at ends of* 266 
bending of, 266, 267 
bending test, 259, 260 
earelessness in plaeing, 264 
"ebalr«‘' for, 266, 274 
eheeklng. 286 
cdeanllneRH of, 263, 2H0 
elreular tank, 281 
eold bending of, 258, 267 
column 

aHwemhllng spiral. 272 
itMHemhllng stayed, 270 
bintrlng plates, 273 
bending. 273 
butt Joints, 272 
fabrk’titlng Hplrsils, 271 
footings. 274 
hooped, 270 
lap Joints, 272 
plaeing, 273 
apaeing, 272 
aidlelng, 272 
structurnl HhapcH, 273 
tiigging. 275 
tying, 273 

welding hoopa, 270 
eonc'ndt' adhering to, 235, 239, 383 
eonerete apaeing blocks, 271 
concreting, 269, 315, 318 
eomlult. 2 Kl 
corner liars, 261 
c•orroa!on of, 353 
defect I VC, 260 
deformed barM, *4^i9, 261 

• upp.ti 
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exposed, 279 

fastening, 268, 275, 280 

field tested, 260 

form of bars, 265 

liandling, 263 

headers, 268, 280 

hot bending of, 267 

inaccuracy in placing, 264, 277, 280 

inspection of, 256, 285 

lapping of, 268, 272 

location of, 266 

loose-bar, 261 

methods of cleaning, 263 

mill tested, 258 

N-shaped saddles, 274 

net section, 261 

number of bars, 265 

oiling, 263 

painting, 263 

pickling bath for, 264 

piles, placing in, 257, 557, 560 

plain bar, 261 

proper position of, 266 

protection of, 258, 270 

protruding ends of, 268 

purpose, 261 

removing tags from, 269, 278 
ribbed metal, 261 
rust on, 263 
sagging of, 267, 278 
shaft hangers, 279 
size of, 265 
slab or floor 
expanded metal, 279 
exposed, 279 
flat slabs, 278 
placing in, 278 
inaccuracy in, 280 
staples, 278 
spacing, 265 
slab or floor 
tagging, 278 
washers for, 274 
woven .wire, 279 
spacing of, 265 
spirals, 271 
splicing of, 268 
steel, see Steel, reinforcing, 
stirrups, 275 
storage of, 257 
structural shapes, 261 
supervision of placing, 269, 286 
supply of supports, 26T' 
support of separators, 267 
tag^ng, 269 
tank, 281 
tensile test, 258 
thickness of covering, 266 
tieing, 269 
twisted bar, 261 
type of, 261 
unit frame, 262, 275 
wall 

footings, 280 
placing, 280 
removal of ties, 280 
spacing, 280 , 
staples, 278 
tagging, 278 
wiring, 280 
washers for, 274 


welding of, 268, 270 
wire mesh, 261, 279 
wiring, 269 
wooden blocks, 267 
Rejection of 
aggregates, 70 
broken stone, 117 
cement, 23, 42 
concrete, 165 
forms, 214 
gravel, 108 
lumber, 200 
sand, 90 
work, 4 

Remixing concrete, 166, 289 
Removal of 
arch centers, 254 
concrete from forms, 237, 250 
mixing platforms, 183 
receptacles, 286 
reinforcement, 286 
defective concrete, 302 
efflorescence, 346, 403 
forms, see Forms, removal of. 
for finishing, 213 
freezing weather, 248, 252, 364 
frozen concrete, 341 
incompetent workmen, 11 
mortar from platform, 183 
rejected material, 10 
shores, 252 

before forms, 253 
care in, 263 
surfaces, concrete, 397 
tags from reinforcement, 269, 27 
tie-rods, 230 

unsafe panels or sections, 287 
unspent acid, 328, 339, 449 
Repairing 
broken corners, 341 
concrete floors, 340 
concrete surfaces, 33J, 390 
frozen, 365 
waterproofing, 462 
Replacing broken bars, 263 
Replacing lumps of cement, 163, 
Reports, 12 

Resumption of work, 287 
Retaining walls 
anchoring, 237 
concreting, 311 
forms for, 277, 231 
Retempered mortar coat, 330 
Retempering concrete, 166, 289, 3S 
Rich mixture, 148 
Rigidity of 
arch centers, 232 
forms, 212 
molds, 237, 508 
Rock, crushers, 120 
Rock surfaces 
cleaning, 288 
concreting against, 288 
Rough finish, 414 
Roughening surface, 327, 338 
Rubbed finish, 400, 514 
Rubble concrete 
laying, 366 
proportioning, 367 
wet vs. dry concrete, 191 
Run of the crusher, 114 
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Running water, concreting in, 371 
Runways, 283 


S 


Safety coat of mortar, 460 
Sagging of 
chutes, 370 
forms, 211, 212 
reinforcement, 267, 278 
Salamanders, 357 
Salt, use of, 345, 351 
presence of, in sand, 97 
presence of, in water, 128 
Samples of 
aggregates, 74 
cement, 31 
colored mortar, 394 
concrete, 303 
sand-blasting, 405 
Sarripling of 
aggregates, 74 
cement, 31 to 35 
Sand and screenings 
absorption of, 97 
artificial, or screenings, 85 
care of, 89 
chats, 86 
classification, 75 
clay in, 83, 91, 97 
cleanness, 81, 95 
coarse sand, use of, 81 
color of, 85 
colored, 390 
crusher dust, 86 
determinations for, 93 
drying, 103 
durability, 75 
effect of impurities, 90 
fine sand, use of, 80, 92, 94 
grading, 79. 
gravel screenings, 85 
inspection of, 76 
“jig’-sand,” see Chats, 
measuring, 153 
mesh composition, 79 
mica in, 84, 92 
mineral composition, 78, 95 
mineral impurities, 82, 91 
organic impurities, 84, 92 
preparation of, 102 
quality of, 77 
quicksand, 77 
#ejection of, 90 
salt in, 97 
screening, 89, 102 
screenings, 86 
sea sand, 77 
selection of, 75 
shape of grains, 78, 94 
sieve analysis, 101 
size of grains, 79, 94 
specifications, for, 76 
specific gravity, 87, 98 
stone screenings, 86 
tensile strength, 89, 101 
voids in, 88, 98, 99 
volumetric synthesis, 100 
washed vs. unwashed, 97 
washing, 89, 103 


weight of, 87, 97 
white, use of, 391 
Sand-blasting, 399, 405, 515 
Sand-boxes, arch centers, 234 
Sand cement, 20, 48 
Sandstone, broken, 13 
Sawdust, use of, 361 
Scope of inspection, 4 
Scratch coating, 412, 444 
Screening 

broken stone, 115, 120 
cinders, 123 

sand from gravel, 89, 102 
Screenings, see Sand. 

Scrubbed finish, 397, 514 
Sea sand, 77 
Sea water, 48, 127 
Sectional molds, 508 
Securing forms, 208 
Segregation of aggregates, 290, 36 
Selection of 
aggregates, 70, 390 
bituminous binder, 451 
broken stone, 110 
coloring matter, 392 
proprietary compounds, 433 
proprietary paints, 409, 440 
sand, 75 
tar paper, 451 

Settlement, arch centers, 233 
Setting of cement 
field tests, 36 
laboratory tests, 39, 53 
natural, 46 
Portland, 44, 48 
Puzzolan, 47 
significance, 66 
Sewer pipe 
forms, 236, 255, 550 
laying, 552 
manufacture, 549 
tests of, 552 
Sewers, forms for, 236 
removal of, 255 
Shafting hangers, 279 
Shale, 125 
Shape of 
aggregates, 71 
broken stone, 113 
rubble stones, 366 
sand grains, 78, 94 
Sheet metal on forms, 203, 243 
Shellac for forms, 243, 510 
Shells, 126 

Shimming joints, arche?, 235 
Shingle, 104 

Shores, see Forms, shores. 

removal of, 252 
Shoring forms, 223, 315 
Shovelers, force of, 301 
Shrinkage cracks, 191 
Shuttering, see Forms. 

Sidewalks 
base, concrete, 473 
curing, 491 
designation of, 464 
forms, 472, 237 

removal of, 255, 473 
grading foundation, 467 
material for, 465 
protection of, 490 
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size of blocks, 464 
slope of, 466 
sub-base, 469 
thickness of, 464 
wearing surface, 478 
colored, 487 
Sieve analysis 
proportioning by, 147 
sand, 101 
Silt in sand, 83 
Size of 

aggregates, 71, 423 
bags, 22, 151 
barrels, 22, 151 
bars, 266 

batches, 157, 165, 178 
broken stone, 113 
cement samples, 34 
gauge-boxes, 156 
gravel, 106 
lumber, 199 
molds, 194 
rubble stones, 867 
sand grains, 79, 94 
wheelbarrows, 162, 154 
Slabs or floors 
concreting, 311 
cutting, 337 
forms, 218 
removal of, 261 
Joints In, 324 
patching, 340 
reinforcement, 274, 278 
Slag, 124 
Slate. 125 

Slap-dash hnlah, 414 
Sleeve nuts, 206 
Slope of 
chutes, 370 
sidewalks, 466 
Slush coating, 412, 444 
Smearing forms, 289 
Smooth forms, 206 
Soap and alum solution, 437 
Soaping forms, 242 
Sodium chloride, 361 
Soundness, see Constancy of volume. 
Soupy concrete, 186 
Spacers for 
forms, 229, 280 
reinforcement, 266, 274 
Spacing 
beam bars, 266 
blocks, concrete, 274 
chairs, 266, 274 
column forms, 217 
column bars, 272 
slab bars, 265 
stirrups, 275 
shores, 224 

Spading concrete, 298, 385 
Spandrel walls 
concreting. 811, 818 
Speclflcatlons for 
aggregates, 70 
cement, 42 
hand mixing, 177 
reinforcement. 268 
sand. 76 

surface finish, 388 
waterprcK)flng. 418 


Specific gravity 
broken stone, 116 
cement 

laborattu'y tests, 51 
natural, 46 
Portland, 44 
Puzzolan, 47 
sign idea nee, 64 
gravel, 107 
sand, 87, 98 
Spikes for forms, 207 
Splicing of 
column bars. 272 
reinforcement, 268 
shores, 225 

waterproofing felt, 459 
Spiral reinforcement, 271 
Splatter-dash finish, 414 
Spouting concrete, 869 
Spraying machines, 410 
Spreading coruTefe. 211*1 
under water, 872 
Sprinkling conwde, 8<»2, 885, 818 
Htiuaring column forms, 217 
Staggering layers of cHiiicreb’, 296 
Standard mixture, 148 
Staples, u«e of, 2H0 
Stays for column forms, 215 
Steam, cleaning with, 828, 389 
Stcatn btjxei. us© of, M7 
Steam colls, use of, 856. 3112 
Steel beams, concreilng, 3IS 
Steel claropi, 208, 216 
Steel forms, 202 
Sie«d, reinforcing 
allowable vtirliUloiw, 269 
bending tent. SfiB. 259, 260 
eiiemical determtrwtloiis, SSI 
ehemlcat proper ties, 258 
cold-twliited hara, 269 
defcH’tIve mittwrial. 260 
deformed Imri, 219 
finteh, 260 
form of ipiicimen, 
fraeture. 210 
high carlMin, 818 
hot-twlstf^d liitw, 25t 
medium, 268 

modifleiitlotm In eloitgatlofw, SI 
net arofi, 281 
numher of teit*, 26i, 2iil 
physlctil pro|w*rtle«, 2511 
proceas nt iiianufiit*ture, 2fii 
tensile te«t« of, 280 
turns of twl«ted liarn, S»!i 
variation In weight, 2811 
yield |M)lnt, 268 
Stirrupa, 271 
Stone, ae© Ilriiken itone. 

Stone cruahafi, 120 
Stone facing, 417 
Stone 8cr«enlnfi, it© iand. 
Slopping of 
concmtlng, 810 
jointi In forrnt, S#4 
Storage hou*t«, etmefit, S4 
piling ceiritrit In, *iS 
Storage of 

aggrtgatti, 7S. 111 

broken ptone. 117 
<»ement. 23, 21, 27 
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Ill’ll Vl'l. Ill 

roini'oiH'ing .‘Uot'i. :T>V 
.‘.and, NJ) 

walcrprt atiuK. 9''* 

StiHVV, u.s»‘ at, ;!I52 
Striking arah laaUt'rH, JIU 
Strnatnral .sluipas far aalnnina, -73 
StudH for farniH, t!0t5 
HubaquaaHH foiuntdlnK. *171 
Sndlriotify <if t<^rm^5, L*IU 
Sun orui’kH. hoo I lair criiakM. 
Sui»tily of 

farniH. 'jni. ’HS 
HnppttriH hn* bars, -IJ7 
Snppta t of 
door fortna, 

hoiatiiiK nuo’hlni'ry. 2.s:i 
jtndnl HoparatorH, :i(57 
tirnainontul oonoroti*. 505 
wall ft)rina, T.ll 
Hnrfaot'H, oondititni of, for 
bonding, 0if! 
ilrdahlng, HTH 
patt'lilng. 557 
l.laati’rltJK. lU. i Ki, HH 
aambbhiHltiiK, 'IfiO 
watrrprooting. IIH, iral 
SnaptajHloti of vv«»rk, lltU, UO0 
Swoliing t»f foiniH, 200 
S> IvoHlor tttiMuro, 'lOl 
mortar ftiatinga, 4111 
proooaM, 1147, 437 

T 

I’agginK rt*infor«'omt*nt, 200 
boam nnltH, 275 
‘ratnpi*rH, foroo of, 301 
wotMitat. lUd 

"rainpttm ooncrtdo, 200, ITI», 534 
ooUimnw, 30H 
wot v'K. «iry ootHTidi*. tso 
Tiiitk ri’lbfoi'i'oniont, 2Hi 
1*at»pinii forma. 302, lOfK 
'l*ai* papor, nan of, 301, 151 
P4>i*nma 
i-onorrllttK, 311 
jobtta Itt, 32f* 

'rontporfunn* for 
rontTidltiK, tnliilinam, 359 
widor, i2K 
'riamfli' atri'anth 
c'l'inotil, 40, 43 
niutiral. 4tt 
l‘ortlitmi, 14. IM 
Pyx»»liitb 47 
alKiilfioiUH o. ikl 
lalttfaroing ati * I. 25H 
aaml, H!i, lt»l 
Wiitrrpj Oofltm 154 

*rf*rrii I'otta fa<ijiM, HO 
Tt»pt onitoM, fonrroto, I<17, 24K, 3o3 
'roptirii' 

iilC»rogittof«, 71 
bit toll wlx«a*». 171 
broktdi pttmo, UK 
Inillflllttf blork^. fill 
oomrttf, 49, <12 

l•oni‘r^^tt^ liardnraa of, 247 
mlxtiiro, 107 


iHUitiuuoua mixoir. 175 

gravt‘1, lOK 

Unapblaoka. 35)0 

wiortar ooat, 445 

I>i't)pri<'tary fompom.da, 43) 

ndjiforat'inont, 25H 

.‘^and, 5)3 

St'War phu‘, 553 

alaga, 125 

voidH, as work progroBaoH, lli 
wulor, 125) 
wati‘rpro«>ib»g, 445 
'ridi'knt'HH of 

UHiihalt onating. 41.S 
fova*rltiK for luira, 2UB 
gratiolitlii<* tbdHh. 3KH 
layorn of (‘onorctt*, 25)0 
lundu'r. 1515), 211, 210 
ni<»rtar tlniHh, 3.SH 
plaatin* coat, 413, 4 13 
Hid(‘walkH, KM 
watt*r{>rooflnK' fcltn. 155) 
water tight concrtdt*, 423 
'Uc-i'odH, left in iducc, 230 
rtanoval of, 230 
'rif'B, railroad, 5IK 
'riglUncHH <»f (ormn, 2f)4 
'rile and Jolat iloora 
t‘ortcrctlng‘, 313 
b)rtnH for, 222 
JointH in, 324 

'Umber framea for eolumnH, 215 
'I’lnn* of 

c'oncreting, 25)4 
ranindng, 3oi 
removing ftirtna. 215 
'rotiled mtrfiieea. 317, 403, 4X5, 5151 
'roola for 

bruHlting eotu'JHde, 30K 
tlre«HlnK eoneretc*, 405, 485 
liand mixing, IK3 
piitldllnK eoneretc', 207 
ratnttdng eonerete, 301 
«atjd-bla«llng, 400 
Hpading ccmcrtde, 3K5 
'IkuigltneHa t»r bredeen atone, UK 
'OowerH, <*om‘ret«* bneket, 2K3 
'rranHpcadlng etmercte, 2K2, 200 
'rrtanlt'a, nae of, 373 
'Fretndtea 
conertdlng in, 305 
wetting dry, 2KK. 305 
't'rlal mlxturt*«, 145 
Trotddeaome inapeettma, 3 
'Frovrelcd tltdab, 3K0, 420, 4K4 
'I’yia? of 
forma, 201 

maeltlne mixera, 170 
pileH, 555 

relnforeenumt, 201 
alilewalka, 404 
Htirfaec fltdali, 3Kt 
wattn’proofitig, 421 

U 

rndreaaed lurnlier, 200 
Unit fram«*H, 202 
bcatn ami girder, 275 
UnitH t»r meaanre, 150 
Unaultrtble material, rrmittving, tO 
I'anal in'tiportions, 140 
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V 

Verification of measurcB, 157 
Vertical joints in conert^U*. ;!-2 
Void determination, Kill 
Voitls in 

aKKrcKutes, 72, 123, 14U 
broken stone, IIG, 111) 
gravel, 106, 108 
sand, 88, 98 
Voieanie rocks, 112 
Volume, measuring by, 150 
Volume of 
bag of cement, 151 
barrel of cement, 151 
barrel of sttme, 152 
wheelbarrow load, 152 
Volumetric syntlicBls, 145 
broken stone, 120 
gravel, 109 
sand, 100 


W 

Walls 

concreting, 309, 359 
hollow walls, 310 
retaining walls, 311 
spandrel walls, 311 
contraction joints in, 332 
forms, 227 
removal of, 253 
Joints in, 322 
reinforcement, 280 
spacers for, 229 

Warm weather, concreting hi, 2HH 
Washed finished, 397, 401 
Washed vs. unwashed sand. 97 
Washers for bars, 274 
Washes, concrete 
alum and soap, 347, 437 
alum, lye and cement. 43H 
cement grout, 406, 439 
hydrocarbons, Ikiuid, 441 
linsc^ed oil, 441 
plaster of Paris, 408 
proprietary, 330, 409, 440 
whitewash, 40S 
Washing 
aggregates, 73 
broken stone, 120 
ednders, 123 

concrete surfaces, 328, 389, 397 
cinders, 123 
gravel, 107 
sand, 89, 103 
Water 

acidity tests, 129 
action of, on concrete, 425 
alkalinity testa, 129 
amount of, for mixing, 191 
boiling, use of, 305 
boiling test, 129 
clean, 127 

concreting under, 371 
effect upon briquettes, 180 
excess of, in con., 195, 302, 309 
excess of. In forms, 2H8 
excess of, In hand mixing, IK3 
hand mixing, 180 
heating, 357 
lime, 248, 412 


mcjiHuring, 157 
physical qualitIcH, 1211 
pure, 126 

<iuantlty rtHjulrcd, 193 
sailt, ust‘ iff, m, 12H, 
sea watt*r, use of, 4 .h, 127 
temperature, 12H 
Watcr-drlp« for forriw, 211 
Waterprootlng 
arches, 319 
asi)halt coating, 446 
alum and soap, 4.11. IIIT 
aluminum sulphite iind w«ip, 
alum, lye and cement, bin 
bituminous procew, -Hil 
building blmdCM, 524 
elasses. 421 
eottliliMS. 437 
colloidal clay, 430 
eftlorescene©, 346 
felts, 452 

grout washes, 439 
hydrated lime. 428 
ingredients, 427 
ln»pt*ction of, 418 
laying fithiie, 451 
llmii and tomp. 433 
membrane melliiKl, •IM) 
metallic wteiiriiten, 434 
methods eff, 421 
mortiir etmling, 413 
paraffine pritce«». 412 
piitchliig dtffecilve, Iti3 
preparing siiftitee. 166 
propritffitry etittip«nfitt»*. 413 
proprltffiiry 441.1 

protec'tlng. I6tl 
pulverlied fork. 131 
PiiiKoltin eenient, 129 
ipiH'Uleiitlons h»r, Itii 
washes, 137 
wiiikmanHtilp. 41** 

Watei-tight cotjcrplc, l.«l 
WnterdiKhliie^w tff l!>«, 

WedKf^, 234 
Weight of 
Itrok* II sloitc, 116 
Ciaiirtp |i.‘ieliil|p*i. 22 
grttveL til? 
wild, hi, HI 

Wetlieaa of loiirfele, 1^6 
Welding Ilf biiiii. 

Wet compete, pliddllnif 22M| 

Wetting 

aggrenatefi, 161. 3I« 
e«lierelf\ IIP, 2.1*6 21% 
dry tieiielieH, 
forma. ‘’111. i%ti, 3i«‘» 

Kiirfiieeii, ;ii!i 

Wet weiiltier, PHI. 2 m. 31; 

Wet %‘f<. tliy Miinietiy t« 

Wet mixture. 1*^6 
Wheelbarrows 
eoneretlng wifti. 
heapiniS, 156 
meimiirlrig In. 151 
vohiine uf, 112 

White eminent. ii«p «tf, llli 
White 14.1 tut, iwt# iff. Hit 
Wfiltewiiplilng fnriiip. g-l;i 
I’tiliereli* ilirifllrei. lOi 
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Wind, protection against, 1S4 
Wing walls, forms for, 2ol 
Wire ties, 208, 229 
Wiring bars, 269 
Wooden blocks, use of, 267 
Workmanship 
arch centers, 236 
concrete faces, 33S 
forms, 202 


sewer pipes, 551 
sidewalks, 490 
waterproofing, 449 
Woven fabric, use of, 452 
Woven wire, use of, 279 

Y 

Yokes for column forms, 215 



